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INTRODICTUON

_ ~ The work on this project was carried out over the period of

1 April, 1951 to 28 February, 1953. J

Considerable interest has evidenceWitself since the study of

microbiology was begun to determine the survival or death of organisms

under the influence of nature, as well as physical factors under

laboratory conditions. The reports of these studies are scattered

throughout the biological literature, They have never been collected

in a survey in an effort to bring all of the available data together

for' correlation of the material.

A survey of the literature has been made on the survival and

persistence of microorganisms under varying conditions as follows:

Methods and Materials

•' 1. Information on the stability, persistence or survival of micro-

organisms under natural or experimental conditions may be found in

bacteriology textbooks, scientific biological journals, abstracting

journals and in indices such as the Quarterly Cumulative Index Medicus.

2. A systematic survey of these sources gave as full a coverage of

the literature as possible for this project.

3. The primary sources for material in this project were.

(a) Bacteriology texts by: Topley and Wilson, Zinsser, Dubos,

Rivers, and other texts.

(b) Biological Abstracts

(c) Chemical Abstracts

(d) Quarterly Cumulative Index Medicus

Original articlbs were then obtained from the original journals.
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4. The range of information collected appears in a selected outline

below:

(a) Source

1. Air
bacteria
fungi
microorganisms
rickettsia
viruses,

survival of
persistence of
recovery of

2. Body (as under air)

3. Culture Media (as under air)

4. Food (as under air)

5. Insects (as under air)

6. Pressure (as under air)

7. Radiation (as under air)

8. Soil (as under air)

9. Sul-faces (as under air)

10. Water (as under air)

(b) Organisms (general)
1l.Bacteriapersistence 

of
survival of
recovery of

in water or ice
in air
on or in insects
in soil
in milk
in food
in feces
on surfaces (wood,glassconcrete,etc.)
under natural conditions

2. Microorganisms (as under bacteria)

3. Rickettsia (as under bacteria)

4. Viruses (as under bacteria)

5. Yeasts, molds and fungi (as under bacteria)

m24.



(c) Particular (organisms) diseases

1. Anthrax-Baci'lus anthracis

2. Brucellosis - Brucella abortus, melitensis, suis

3. Cholera - Vibrio comma

4. Coccidiomycosis - Coccidiodes immitis

5. Dysentery - Shigella sa.

6. Encephalitides - viruses

7. Influenza - virus

8. Plague - Pasteurella pestis

9. Poliomyelitis - virus

10. Psittacdsis - virus (and other viral diseases)

11. Tularemia - Pasteurella tularensis

12. Tuberculosis - Mycobacterium tuberculosis

13. Typhoid - Salmonella typhosa

14. Typhus - Rickettsia (and other rickettsial diseases)

15. And others

5. The material in the textbooks was covered chapter by chapter on

each genus or species of organism and original references to the lit-

erature as well as general statements in the text were recorded on a

special form. Information relating to each species was recorded on

individual sheets. Specific references from the body of the text and

bibliography of the chapter were recorded with specific data on a

special form on a 5" x 8" file card.

6. The Abstracting Journals were searched as follows. For each

Biological and Chemical Abstracts, a complete list of the index

titles which might yield information pertaining to the project was

prepared and was used as a guide for searching through each yearly

index. References of apparent value were taken on a form listing
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subject and abstract numbers. After completing a yearly index, the ab-

stracts were checked from the numbers recorded to determine if they

had information on survival and persistence. If not, the reference

was discarded. If questionable, the title was taken to check the

original article. If pertinent, spacific data was recorded on the

face of the file cards and general methods were recorded on the back

of the card.

The original article was obtained wherever possible and read for

further data and to check the data in the abstract for accuracy.

General information on methods was recorded on the back of the card.

References in these articles to original work were recorded on

separate file cards and the original articles obtained and read for

appropriate data and information.

7. The Quarterly Cumulative Index Medicus titles were surveyed and a

list of titles which might yield information pertaining to the project

was prepared. Since only titles of articles, and not abstracts, ap-

peared in this publication, the appropriate titles were taken directly

to the file cards. The original articles were checked as were the

articles found in the abstracting journals, read, and data recorded.

8. The Library of the University of Texas Medical Branch has an

extensive number of domestic and foreign scientific journals. However,

since some original articles appeared in journals not available in

our library, reprints were requested whenever possible from the

authors, or requested from the microfilm service of the Army Medical

Library in Washington, D. C.

9. The cards were filed according to subjects: Air, Body, Culture,

Food, Insects, Pressure, Radiation, Soil, Surfaces and Water with

cross reference cards in each section vbere an article had information
W4-.



on persistence of organisms in or on more than one of the topics listed.

From the cards, the data were transferred to forms, collecting all

of the particular information on one group of organisms together.

This information was then tabulated on multilith stencils and a sur-

vey of the data prepared for each section.

Note here Because of the tremendous amount of data, it has been

impossible to collect it in a form to suit all who may need turn to

it for reference. It is recommended for those who have a particular

iaiterest in one factor affecting the survival of organisms or the

factors affecting the survival of one organism that they use these

tables as a guide and refer to original work in the references for

more complete information.

It is certain that with a large report of this type that one

might, by close reading, be rewarded some misspelled words, some

occasional organisms slightly misplaced and some of the references

listed by wrong volume or page. It should be noted also that the

literature covered in the report is from 1885-1953. During that

time the names of organisms have changed several times with the result

that old or outdated names may appear in certain places in the report.
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THE SURVIVAL OF ORGANISMS IN AERIOSOLS

One of the important methods of transmission of disease producing

organisms is through the air--air borne infections. An aerosol is a

suspension of particles in air, in this particular instance a suspen-

sion of microorganiisms in air. In nature, organisms may get into the

air from the wind blowing over water and soi2, raising microscopic

water particles and dust particles into the air and suspending them

there. Potential pathogens get into the air of human environment

from sneezing, coughing and expectorating as well as from clothes,

bedding, sweeping of floors and other similar sources. Under such

conditions these factors affect spread of infection (1) the organism

virulence; (2) the host susceptibility; (3) effect of environment

on organism preventing or aiding it in survival.

Aerosols of microorganisms may be set up experimentally by man

in open or closed areas to study various factors affecting survival.

These factors may be divided for convenience as to (1) environmental

factors and (2) organism factors.

These aerosols may be of organisms not usually considered as air

borne infection organisms as we usually consider them in nature.

Environmental Factors Affecting:

There are many major and minor factors which may affect the

ability of an organism to survive in an aerosol. The medium in

which the organism is grown and the medium from which it is suspended

for spraying may aid or adversely affect the orgmnism. The growth

medium may supply nutrients for production of active, well-developed

cells. The suspending medium provides osmotic effect as well as

protection against drying too rapidly or slowly, protection against

radiation and other forces.

(A 1)



¶Te temperature of the air may affect the suriival of an

organism in an aerosol to a certain extent. Usually at higher

temperature lower recoveries may be expected if the relative humidity

(RH) is constant.

The RH of the air is very important in the survival of organisms.

Various organisms may respond differently to high and low RH but

usually at a 50f. RH greater destruction of the organisms result.

At high or low humidities better recovery may occur. As noted,

individual organism types may respond differontly to different

humidity levels. Some organmisms are killed if they dry too rapidly

so low HE levels are detrimental. Others appear to give lower

recoveries if sprayed into very high humidity air. From theoretical

grounds this might be explained on the basis that particles sprayed

into saturated air may act as nuclei of rain drops and precipitate

out or may merely hit one another and form large particles which

stick together and then precipitate out of suspension.

The amount of radiation present affects the rate of organism

survival in an aerosol. Organisms are destroyed in sunlight and

artificial sources of ultra violet more readily than if present in

an aerosol in semi-darkness or in absence of all light or artificial

radiation. The sunlight accounts for a great amount of destruction

of air organisms along with desiccation.

The method by which organisms are rendered air-borne is impor-

tant in their survival as aerosols. In nature, organisms covered

with a film of moisture or soil or oily film of dust will be pro-

tected against desiccation and radiation. In experimental aerosol

production, the type of spray device is of importance. The rate of

spray, amount of shearing force put on the cell and the size of

particle developing will affect survival in the air. Some sprayers
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may destroy the cells by the force of spray; others form large

particles which do not stay air borne for 2ong periods. For

0 infecting animals, particles smaller than 10 micra in diameter

must be formed and viable organisms must be present.

In nature the amount of air movement is important in keeping

the organisms suspended. Also important is the resuspension of

organisms as secondary aerosols by air and wind movement as well as

by human and vehicle traffic.

The method of sampling aerosols is important in evaluating

the results. If present as large particles (over 10 micra in dia-

meter) then they will settle out rapidly and may be sampled on

"drop-plates". Various types of samplez may collect particles within

a certain range--some particles may be too big and others too small.

This must be taken into consideration. As mentioned previously,

particles above 10 micra in diameter are too large to be respired

by animals so that aerosols of particles may be quite viable but

too large to cause respiratory infection.

Organism Factors Affecting:

Each genus and species of organism may have its ownn character-

istics which may protect it from destruction when present as an air-

borne organism. The individual strain of organism sometimes has

certain characteristics which allow it to remain viable more or less

long than closely related strniins axid species. Somae orge;iisms a,1ay

be protected by their presence as a .,pore or by their capsule or

resistant cell wvall. All of these characteristics resist the forces

of nature--desiccation, radiation and temperature changes as well.

Te size Find shape of the organism and rigidity of the col '.'rnl! ai,

•• orvg:is to resist the for-ces presonit in spraying proce(ures.

(A 3)



The age of the cells (in the growth curve) at the time of

spraying determines to a certa•i extent their resistance to desicca-

tion, radiation and other factors. The length of storage before

spraying may be another factor. The numbers of organisms in the

spray medium and the total numbers of organisms will also affect

the length of survival of the aerosol.

SUMMARY

*Bacillus (Table A 1) B. anthracis spores resisted ozone for 4 hours

and could withstand direct sunlight for days. B. subtilis resisted

UV and remained viable in air for 5-7 days, experimentally. B. an-

thracis apparently survived 200 F. for 24 hours. B. megatherium

was transported for many miles by storms.

*Brucella (Table A 2) Brucella melitensis survived in dust for

30-44 days experimentally. In nature it survived equally long. High

rainfall areas have Brucellosis - arid areas none. Sunlight quite

effective in killing organisms.

*Clostridium (Table A 3) Vegetative cells susceptible to oxygen.

*Corynebacterium (Table A 3) The diphtheria organism survived in

dust for 7-102 days or longer. Orgnnisms found in air from diph-

theria patients. It survived 48 hours in air.

*Lactobacillus (Table A 3) The organisms (L. acidophilus) settle

out of air rapidly (5-10 minutes). Radiation is not too effective

against it.

*Neisseria (Table A 3) The N. meningitidis organism can travel and

infect in wards up to 5 feet in distance.

,Vibrio comma (Cholera) (Table A 3) During the cold months the

organism dries and dies. Experimentally dried in air it may survive

up to 108 hours.
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*Diplococcus pneumoniae (Table A 4) Survives only 42 minutes in

s•alight but 42 hours in dark. RH of 50%1 is very lethal but not

with NaC1 removed. The lethal effect is raised with larger particles

and higher temperatures. Organisms in floor dust for over one month.

Usual survival in air is short but many survive for 48 hours.

*Eschericlia coli (Table A 5) Recoveries up to 25% many be obtained

in air. Faintly resistant to ultra-violet especially with increased

humidity. Cigarette smoke protects from chemicals in air. It may

survive up to 4 years in dust.

*Microorganisms (Table A 6) General factors affecting survival of

organisms at altitudes are presented. Some organisms found up at

70 thousand feet. In experimental studies factors affecting survival

of organisms in general are presented (temperature, radiation, chemi-

cals, air conditioning). Scattered reports are listed for Erwinia,

Hemophilus, Malleomyces, Nicrococcus, Proteus, Pseudomonas and Sar-

cina. Several reports are present for Serratia as follows: The

organism survives as long as one day in air. One report indicates

using nose as sampler. Nose and throat fluids ;ce toxic to Serratia.

Low humidity destroys organism rapidly. neports on Proteus suggest

survival of 2-12 days.

*tycobacterium tuberculosis (Table A 7) Organism survives 8-14 days

in dust and 4-7 days in sputum droplets but 2 months in sputum.

Ulttia-violet and glycols tested against organism.

*Pasteurella (Table A 8) The plague organism dies rapidly on drying

but is infective by air route. The tularemia organism is inhaled from

grain dust to infect.

*Protozoa (Table A 9) E. hystolytica cysts did not survive when air

dried.

*PhaMe (Table A 9) Survives air drying and can be disseminated

through air. (A 5)



*Rickettsia (Table A 9) Typhus may be transmitted through air.

C. burneti is reported in goat barn. Rickettsiae grown in egg

and sprayed survive 30 minutes in air.

*Salmonella (Table A 10) Sprayed into air, the organisms survive

8-24 hours. Higher Rh and temperature lower recovery. Dust pro-

tects the cells and organism survives sun rays for 4-10 hours.

*Staphylococcus (Table A 11) RE of 50% is lethal. Survives 3 days

in air. Ozone not very toxic. Survives in floor dust for several

days. May be quite resistant to 'UV light.

*Streptococcus (Table A 12) Killed by sunlight in 4 hours but lives

in dark for at least 65 hours and perhaps up to 2 weeks. Good sur-

vival in high and how huaidity, but not 50C% R. Infective as small

particles (2 micra). Particles near 12 micra diameter not as in-

fective. Survives in air for 48 hours. Sunlight and UV are detri-

mental. Organisms from air may survive in blankets for 4 months.

TIhere may be 40 per 10 cubic feet of air in hospital wards or up to

378 per cubic foot. Glycols may reduce population 90%.

*Viruses (Table A 13) May be found at high altitudes.

Influenza - Survives in dust less then 3 weeks. P.t RH more

effective in destroying virus then higher RH. Some disagree-

ment, however, exists over RH effect. Virus from air on

blankets survives drying, It may survive many days in air but

glycols and sunlight destroy it rapidly.

Vaccinia - Survives in air 8 hours, being more susceptible to

destruction than Streptococci. Resists radiation like bacteria.

Foot and Mouth - Survives 1 week in outdoor air and in dust.

Smallpox - Seasonal incidence indicates low humidity favors the

disease.

Infectious Jaundice - Virus carried in air by being dust-borne.
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*Yeasts- Molds and Fungi (Table A 14) Some of these species are

found at 10 thousand to 36 thousand feet high. Some may travel 100

9 miles or 300-400 miles or even as far as 1200 miles to infect plants.

Some species isolated 11 1 Resistance to UV is high.

Certain human diseases are affected by low RH and wind to dry and

carry spores (coccidiomycosis) while others need high RI and lower

temperatures such as Sporotrichosis.
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SURVIVAL OF ORGANISMS IN THE BODY AND BODY UATERIALS

The importance of the persistence of microorganisms in the body

materials during life and after death has boon recognized as a major

problem and hazard for a long time. The disposal of body excreta,

tissues and carcasses themselves have been influenced by the realization

that potentially pathogenic orgnnisms might survive in them for long

periods depending on certain factors of nature.

The handling of blood, tissues, and other specimens in laboratories

and hospitals require precautionary measures since some pathogens may

remain alive for a short time and others survive for long periods.

The length of survival affects culture procedures for isolation of the

organisms since the org,nism may die off readily. On the other hand,

some organisms are kept in blood or tissue in the laboratory because

the organisms survive in them for a very long time.

A distinct hazard and problem is the persistence of pathogens

in secretions and excretions such as sputum, urine or feces. The

proper disposal methods depend on orgnnism survivals and persistence

in these materials.

Of interest also is the survival of animal, plant and human

pathogens in meats and meat products or on plants or plant products

which are to be handled or eaten by susceptible individuals or which

are to be disposed of without danger to other susceptibles.

The factors involved in the survival and persistence of micro-

organisms in the body and body materials may be divided into (1) body

or body material factors; (2) factors in nature and (3) organism

factors.

nod& or Body Material Factors Affectin :

Microorganisms may survive in body tissues, fluids or carcasses
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for varying lengths of time. The body materials may on one hand pro-

vide food and protection from outside influences or on the other, may

through pH of stomach or intestine, antagonistic organisms in the

intestinal tract or antibodies or other antibacterial factors destroy

the pathogens. Some organisms will survive for long periods in whole

blood or serum at low temperature. Other organisms will be in tissues

and be viable for long periods. Some organisms expelled in urine and

feces are not destroyed rendily by pH and antagonistic organisms but

will be protected and survive. In sputum some organisms are destroyed

but may survive vell when suspended or dried outside the body. Body

fluids through protective colloids are able to allow organisms to with-

stand forces of nature.

Forces of Nature or Environment Affecting:

Most organisms will persist for longer periods at lower tempera-

tures. At temperatures high enough to allow metabolism to take place,

the organisms will grow but kill themselves sooner with detrimental

end-products such as acids, aldehydes and other substances. The amount

of radiation will affect organism survival, depending on the amount of

protection the cells have by organic matter. Wind and rain can wash

away and dilute the organisms. Freezing and thawing also may affect

the survival of members of cells as well as the heat of the sun if

the organisms are near the surface. Another factor affecting survi-

val of organisms in body materials in nature would be the RH if

exposed to air. The interplay of temperature and RH is important.

If not at soil surface, then the depth at which the body or body

material is buried will affect survival.

organism Factors Affectig.

The general and specific characteristics which are a part of a

(B 2)



particular cell will affect its ability to survive in the body and

body materials. The virulence of the cell and its ability to invade

9 certain tissues are important in determining its presence and survival

there. Its resistance to light and other radiation, heat and cold,

freezing and thawing, desiccation and temperature, and humidity changes

will determine its survival and persistence. Ability to grow at low

temperatures or survive at low temperatures, the presence of protective

capsules or a spore stage or a particularly resistant cell wall and

protoplasm all are important.
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*Bacillus anthracis (Table B 1) Survival data suggest 60-90 days in

blood either moist or dry; in guinea pig blood at 25-30 C. for 1-9

months or at 5-10 C. up to 159 days; the organism may be found in feces

and urine of cases. Skin apparently inhibits the organism. In body

tissue, survival is given for several days up to 9 months, depending

upon condition.

*Spirochetes (Table B 2)

Borrelia - Survival is listed at refrigeration temperature for

100 days in blood, at -48 C for 27 months; in feces for 4 weeks

and tissues for I year.

Leptospira - Survival in blood for 7 days in dark, in feces for

24 hours but in urine for weeks or months. At refrigerator

temperature in tissues survival of 26 days is given but at -20 C.

100 days survival is listed.

Treponema - In blood survival is only for a few hours at body or

room temperature but in refrigerator for several days and at -20

to -78 C. survival of months to 3 years is given. In tissues at

5 C. for several days in bodies. Some tissues may stay with

viable organisms for 7-10 days or longer. At frozen conditions

-10 C to -78 C survival of 2 months to 3 years is given.

Spirillum - Survives 1-5 years frozen and in rabbit blood.

*Brucella (Table B 3) In blood the organisms may live for 3-6 months

or up to 5-9 years depending on reports. In feces, data suggest 100

days in dark or 20 days in manured soil. In a patient the organisms

were found in feces during 16th month of disease. Skin apparently

inhibits the organisms. In urine survival of 6-30 days is listed.

In tissues persistence may be for a month to 7-9 months.
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*Microorganisms (Table B 4)

Clostridlum - C. tetani found in tissues for 4-6 months and feces
-J

for 16 days. Gas gangrene organisms found in wound areas for

five years. Botulism organ.sms found in intestines for 4 months.

Cornebacterium - Diphtheria organisms in blood for 13 years in

laboratory. In tissues for 9 weeks to 4 months and in throats

for 6 months in virulent form.

Erysipelothrix .. Alive in tissues for a month, in sunlight for

lO-12 days end in buried carcass for months.

Hemophilus - H. influenzae survival in blood for a short period

but H. pertussis lived for weeks.

Lactobacillus - Alive for over 5 years in blood.

Malleomyces - From blood and urine remained alive 16-27 days.

Microbacterium - Found alive in blood for 5 years.

Proteus - In blood survivals of 3-9 years are reported. On skin

survival was better than on filter paper.

Pseudomonas - Five year survival in blood is noted and resistance to

drying on skin better than on filter paper.

Selratia - Organisms remained alive for 5 years in blood. Sur-

vivals on skin were better than on filter paper. Drying appeared

to be important in destruction on skin.

*Diplococcus pneumoniae (Table B 5) Studies in blood suggest survival

of a few months when dried on surfaces and of 5-9 years in tubes. In

sputum, persistence of 4 months is reported; when dried on surfaces, a

few hours in sun.light to 30-40 days in dark is reported.

*Bscherichia coli (and coliforms) (Table B 6) Survival in feces in

dark or light, fluid or dried varies with report from 3 days in sun to

over a year or two. On skin organisms alive for a few minutes to hours.

In urine the organisms may live over 100 days. Aerobacter aerogenes in

feces 9.16 days, inhibited by normal skin &nd alive in blood 3-9 years.
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46Metazoa and Protozoa (Table B-7)

Bartonolla - In blood for less than 3 days. Heating and chilling

destroy it rapidly.

Entamoeba - Transient viability in feces stored at high temperatures

(a few hours) but up to 14-17 days at low temperature. On skin

cysts survive only a few minutes.

Necator - In feces plus urine for 2-3 weeks, in feces in lab for

13 months and for 3-7 months in soil. In sunlight destruction was

in 1-2 hours for larvae.

Ascaris - In sunlight for a few hours but in fecal soil for days

to a few weeks.

Trichuris - In fecal material survival of 14 days to 3 months.

Increased temperature destroyed the organism readily.

Trichomonas - In pus for 3 hours and vaginal discharge for over

5 days. In laboratory with gastric mucin survival of 2-4 years.

Trypanosomes - Do not develop in blood of bats at low temperature.

Trichinella - Survives a few hours at sub-freezing temperatures.

Plasmodium - In blood at -50 to -70 C. for 10-15 days.

*•Molds, Yeasts and Pmngi (Table B 8)

N. audoulni - In hair survives for 185-420 days.

Tricophyton - Remains viable in toe scrapings for 300 days.

Coccidioides - In sputum in soil for 30 days as vegetative form

and 240 days as parasitic form.

*Mycobacterium tuberculosis (Table B 9) In blood survival of 14 days

while controls in saline live 10 weeks. In fecal material persistence

of a few days to several months in nature azd 2 years artificially in

fecal material. In pus for 3-4 months and skin for 7 years. Sputum

samples vary in viability from 1-7 days to over 180 days depending on

temperature, light and humidity. In urine it lived for several months.
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In tissues death resulted rapidly in light and when dried but at low

temperatures and if buried survival of 90-167 days reported or even

1-3 years in lung tissue.

*Micrococcus species (Table B 10) (Staphylococcus) In blood for 9-19

years. In feces the effect of sunlight 1s negligible. On skin drying

seems to be the antibacterial factor; low pH affects some while the

presence of dirt or fat seems to protect organisms. In pus organisms

survive at room temperatures for 2.5-3.5 years with no loss in patho-

genicity. The organisms resist pH changes considerably. q__fka may

live in blood for 5 years, Sarcina are killed rapidly in throat.

*Neisseria (Table B 11) The gonococcus stays alive in serum for 7-8

weeks to 16 months. In uretheal discharges the organism lives for a

few hours at room temperatures. Reduced temperature gives longer sur-

vival. In body it may live almost 3 years. The meningococcus may

live in nasopharynx for an average of 6 months. In dried secretions

viability of several days is reported. In blood the Neisseria live

6 weeks to 3 months.

*Pasteurella (Table B 12) The plague organism remained viable for 100

days in blood, 3 months in urine, in tissues reports of several weeks in

carcasses to 1-2 years in refrigerator to 7 years glycerinated at

-15 C. Frozen tissues give 6-42 month survival of P. tularensis and

up to 10-13 years in glycerinated tissues at -14 C. Pasteurella may

live in feces for a few days in nature to several weeks experimentally.

*Rickettsia (Table B 13) Certain of the rickettsia exist for only 12

days in blood refrigerated, others for 95 days at -70 C. and others

for 610 days. In feces survival of 6 years is reported. In tissues

at freezing temperatures viability of nearly a year is suggested, for

almost 2 years with another while at 5 C. 2-3 months survival is re-

corded.
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,*Salmonella Species (Table B 14) In blood under lab conditions survi-

val of 7 years is reported. In feces, 8 days to over 8 months is

listed. On skin survival of 10-20 minutes on clean skin to several

hours on dirty or fatty skin is suggested. Frozen turkey skin harbors

the organism for over a year. In tissues the organisms withstand heat

for short periods.

*Salmonella typhosa (Table B 14) In blood for at least 7 years, one

strain for 18 years, others up to 10 years in virulent state. In

feces for a few days to 5 months with varying conditions. The normal

skin does not allow survivrl but for a short time. In urine for 2-3

days at high room temperatures to 14 weeks. In tissues existence for

140-160 days is suggested.

*Shigella (Table B 15) In feces under varying conditions survival of

a few hours on fruit to over 200 hours in desert to several days and

even up to 113 days in dried feces. In urine at room temperatures up

to 40-50 days. Gastric juice was germicidal.

*Streptococcus (Table B 16) In blood survival of a few weeks (4-8) to

7-19 years is recorded. On skin streptococci survive for 1-2 hours.

In sputum viability may be as long as 150 days. In tissues 3 month

to 6 month survival is recorded.

*Vibrio (Table B 17) In blood the organism exists for 47 hours to 8

days and longer (5 weeks) in blooU broth. In feces under adverse

conditions of PH and sun and temperature viability varies from 24 hours

to 30 days. In urine extremes of 6-40 days are recorded.

wViruses (Table B 18)

Hoof and Mouth - In blood and serum at low temperatures for

several weeks to months for suX-lival and in lymph existence for

over 2 years is listed. In feces survival of 2 months to almost

a year is suggested at low temperature. In tissues viability of

the virus remained for 2-5 months at refrigerator temperatures.
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Herpes - Alive only 40 minutes in normal rabbit serum, 10 minutes

in serum plus UV. In brain suspension it lived for 100 hours.

Yellow fever - In blood it was viable for 154 days when frozen

but in blood and liver at -10 C., 2 weeks.

Rift Valley - Long viability in refrigerator at 82 days or 2 years.

In serum survival at refrigerator temperature was longer-1048 days.

Infectious jaundice - In dried fecal dust, the virus lived for

31 days.

Newcastle - The virus was present in chicken feces. Cn skin and

carcass 96 days and in bare and unplucked carcass, 134-196 days

viable.

Psittacosis - In fecal material the virus remained for 10 days.

Poliomyelitis - Fecal material harbored the virus for hours after

passage. Storage at low temperature protected the virus to allow

survival of 7-8 weeks up to 6 months. Virus found in stools from

7th day of disease to 123 days following attack. In tissue sur-

vivals of 20-30 days reported, in nasopharynx for a number of days

(5-9) after onset of disease. The virus remained viable in an

amoeba culture for less than 3 days.

Rabies - In brain material viability of 47 to over 68 days Is

reported. Exposed to liquid air destroyed in 24 hours and at

high and low pH levels in a few hours.

Influenza - on human skin the virus was destroyed in less than

1 hour. In tissues at -30 C.survival was less than 6 months,

lower temperature of -78 C. protected for 6 months in broth and

in rabbit testes for 3 years.

F owlpox - Two year survival in dried lesions reported.
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Vacecinia - The virus from pustules survived up to 8 hours. In

mouse brain survival of 6 months to 2 years is noted. In calf

lymph equal survival is given.

o - In dried crusts, the virus remained for periods over a

year in the light and dark.

Rinderpest - In rabbits and storage viability of 7 days.

Encephalitis viruses - Storage of 1 year in 50f, glycerin, loss of

virulence on drying. If frozen, survives over 3 months. Jap B

in mouse brain survives at -78 C. for 6 months.

Lymphogranuloma inquinale - In rabbit testes survival of 10 months

at -78 C. is reported.

Pneumoenteritis - Loss of virulence on storage is listed at 6 days

if frozen and in 20 days if dried and refrigerated.
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M SUMRVIVAL 00, ORGANISMS IN CSLTUR. MEDIA

One of tq1e fOreost rot1oems in the field of microbiology has

been the culturing ad storage of organisms in the laboratory La

suh manner as to maintain vlab•ilty! as well as their characteris-

ties of sorphology, notabolim and virulence. A mtltitude of re-

ports on this subject have been made from myriads of experiments

with ore or less uwnpiuity of results , The factor3 involved in

the storage of cultures are nwmerouso Several main methods have

been used for maint•anw* of stosk cultures (1) low temperaturea

Storage; (2) drying by lyophlization or other procedure; (3) ex.

Qlusion of air and maintenance of moisture; (4) use of a combinwtion

of the various methodso

The factors involved in survival may be discussed in general as

to environmental factors or organism characteristics.

Envirommenta. Fctors, Affectinr:

2ie tel' acultur media" is used loosely here to cover the

survival of organisms in vitro in media of all types ihether liquid,

solid or drie.d. in.various containers under experimental conditions

primirily in the laboratory,

7he medium In hiach the organism is grown or stored plays an

important role in determining the length cZ sauvival and maintenance

of charazteristics of organisms. The pree of inorganie buffers

protect against extreme pH changes but may on occasion be toxie for.

some oranisums If fermentable carbohydrates are present, toxie

acid9 aldebdeo, alcoholic or other end products might slowly ph .

up ta. ki the organism. Some salts are necessary for osmotic effect

but can be toxia if in layge concentrations in the medimo Vie or.,

gan±i6 ubstamoes in the medium may supply buffering capacity agaimnt
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PH and other changes but way provide in metabolism a source of

toxic and-products.

The physical state of the medium may affect survival time of

organisms. Survival in liquid, on solid surface or in dried state

may vary with certain organisms. The amount of medium may offer

protection against physical forces of temperature and radiation

or oxidation-reduction potential changes which might be detrimental

tc some of the anaerobes particularly.

The temperature of storage is one of the most important factors

in determining length of survival. Organisms maintained at tempera-

tures which allow metabolism of the organism to take place will not

only produce toxic, limiting end-products but will age to become more

susceptible to dAtrimental action of physical and chemical forces.

Usually the higher the temperature the more rapid the death rate.

Low temperature of storage obtained in refrigerators (approximately

5 C.) preventeactive metabolism of most microorganisms and serves

well in maintaining numbers and general characteristics of organisms.

Even lower temperatures have been used, ranging from -5 C. (deep-

freeze) to -75 0. (dry ice) to temperatures of liquid oxygen. In

studies below the freezing point, the rate of freezing is a factor

in the survival of organisms, Usually rapid freezing allows greater

survival. Repeated freezing and thawing destroys many organisms

probably through rupture of cell walls by formation and dissolution

of the ice crystals. Presence of protein in concentration protects

against such destruction.

Desiccation is usually considered as destructive to most organ-

isms. Maintenance of cultures at low temperatures prevents loss of

water content through evaporation. Materials such as cultures at

room temperatures (25 C.) or incubator temperature (37 C.) may be
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sealed or covered by various means including wax or rubber. stoppers

or screw-caps. Lyophilization, drying from the frozen state, has

been exploited as a means of maintaining organisms. The suspending

medium, rate of freezing, rate of drying and subsequent storage

method are important factors in the success of the procedure. Usually

a protein suspending medium with rapid freezing and rapid drying

with the material then being sealed off under vacuum and stored

at refrigerator or colder temperature gives the best results. The

total dryness affects survival since a small amount of water in the

end-products allows deterioration. In some instances inert gas

such as nitrogen has been used instead of keeping organisms under

vacuum. Storage may or may not be at low temperature. The lyophili-

zation procedure may result in the destruction of many organisms in

the preparation but those remaining viable retain their characteris-

ties for long periods without throwing off variants.

Radiation of various types affects survival of organisms in

cultures. Storage of cultures in the dark away from direct or

diffuse daylight allows longer survival. Exposure of cultures to

artificial sources of UV or of other radiation not only increases

the death rate but increases the development of aberrant forms as

mutants.

Removal of oxygen and substitution of an inert gas will prevent

metabolism and allow long storage. The use of sterile mineral oil

over cultures prevents desiccation and excludes oxygen as well, thus

slowing down metabolism and allowing survival for long periods.

Many studies have been made on these various factors affecting

survival for better maintenance of microbial cultures. The cultures

have also been exposed to extremes of temperature, desiccation, pH,

el, radiations, chemicals and pressure to determine the ability of
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different organisms to withstand these forces. Some of these

studies are reported here.

Organism Factors Affecting:

The survival of an organism in culture media is not only

dependent upon the media and other environmental factors but also

upon the intrinsic characteristics of the particular organism itself.

The genus, species and strain are important in that they way have

characteristics providing resistance to physical and chemical forces.

The presence of spores, capsules, especially rigid cell walls or

other cellular components may aid in survival. The presence or

development of more resistant variants or mutants may play a role

in persistence. The rate and type of metabolism plays a part also

in the pile-up of toxic end-products which might destroy the organism

more rapidly. In all survival studies the number of organisms ex-

posed and the age in the growth curve at time of storage or exposure

are important factors in the survival or persistence of organisms.
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SUMMARY

*Bacillus anthracis (Table C 1) Dried cultures survived 40-35 years

with good immunizing property, low temperature kept virulent forms

alive for 8 years. In liquid form survival up to 1877 days in glycerin-

serum at room tempcratures. In sunlight killed in hours. May live

for 11-14 years at 5-10 C. Liquid air killed in 6 hours, liquid

hydrogen 10 hours. on solid media viability apparently low. May sur-

vive sun for 1j-4j hours depending on season.

*Bacillus species (Table C 2) Dried cultures survive for 4-5 years.

Liquid cultures for long periods. Spores resist sun for 5-6 hours.

B. globigii was found to be resistant to heat, gentian violet and

streptomycin. on solid media 8 month survival. At freezing temperature

over 80 week survival noted.

*Bacteriophage (Table C 3) Dried typhoid phage lived for 26 years,

others for 3 years. Resistance to heat aided by dryness. Freezing and

thawing destroys phageo Lyophilization of dysentery phage inactivates

much of the activity. Sunlight is toxic. Coliphage may be active for

7-17 years. When dysentery phage dried, no loss in 6 months. Phage

resistant to pH changes.

*Spirochetes (Table C 4)

Borrelia - At -78 C. the organisms survive for a year. Lyophili-

zing destroys many cells and may live only 192 hours.

Leptospira - Ten month viability in tissue broth at -78 C. In

temperatures of 29-42 C. survival varies upwards from 5 days to

16 months.

Spirillum - In mouse blood at -78 C. for 1 year.

*Brucella (Table C 5) %hen dried, cultures live 4-5 years. In liquid

viability ranges from 15 days to 400 days. On solid media no loss in

8 days. Cn storage colony forms change. Storage at 37 C. shows 4 year
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survival. Sunlight and drying lowers disease incidence. In lyophili-

zing high temperature lowers recovery wthile slow rate of drying gives

better survival. Storage at 2-5 C. yields 80% viable in 100 days.

*Clostridium (Table C 6) Dried cultures live for 3-5 years. Organisms

survive lyophilizing. In liquid form exposed to various changes of

temperature, pressure and pH fair survival is listed. On solid media

Cl. tetani lived for 38 years. Cl. botulinum showed 140 day survival

at 5 C. The spore stage of these organisms protected against high

temperature and sunlight for short periods.

*Corynebacterium (Table C,'?) In the dried state 4-5 year viability

found. The organisms resist sunlight when dried. In liquid media 6

month survival is usual. Organisms resist drying and sunlight well.

On solid media 7-18 month viability reported.

*Erysipelothrix (Table C 7) Vhen dry the cultures live for 4-5 years.

*Diplococcus (Table C 8) In dry form the organism may exist for 4-8

years depending on temperature of storage. Lyophilized strains show

good survival numbers for at least 3 years. Liquid cultures live over

6 months. On solid media viability of 50 days-3 months is listed. Low

pH is detrimental as are temperatures above 56 C.

*Escherichia coli (Table C 9) Survival in dry state of 4-5 to over 10

years is listed. Early studies showed shorter periods. Freezing and.

thawing for lyophilizing destroyed many. In liquid exposed to increased

temperature, freezing temperatures and chemicals, short periods of sur-

vival (in hours) are shown. rn ordinary cultulres at room temperature,

viability over 1 year is found. Increasing salt concentrations des-

troy the cells. Very low temperatures destroy some cells rapidly

(-195 C.). A temperature of 69 C. with high hiumidity is resisted for

7-10 hours. On solid media 91 day to over 11 month survivals are

listed. Sunlight during various seasons is resisted for l to 4j hours.
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Viability for 14 years noted in one instance at RT. in dark. Wide

variations in temperature affect survival.adversely.

* Vicroorganisms (Table C 10)

A.aienes - In dried form, survival of 4-5 years is reported.

Aerobacter - For 4-5 years in dried states 31 days dried on

paper at 37 C. Reports suggest the organism resists alkaline pH.

Hemophilus - Various species including H. gertussis lived for 5

years in dry state. In blood broth at -15 to 20 C. a few hours.

On agar for 4-8 months.

Klebsiella - When dried, survival of 4-5 years listed, in serum at

37 C, 43 days while in sealed tubes on agar 12-13 year viability

has been demonstrated.

Lactobacillus - At 37 C. in dry state poor survival but at lower

temperatures 3-4 year survival Is shown. It resists liquid hy-

drogen for 7 hours and -10 to -80 C. for long periods. Rapid

freezing aids survival. On solid media, 2 year viability was found.

Proteus - When dried, 4-5 year survival. In liquids good survival.

was reported. On solid media, 8 month viability found for some,

4-5 years for others and 19 years when on agar in sealed tubes at

R.T.

Pseudomonas - Survival similar to Proteus, 4-5 years when dried,

in liquid and on agar good survival found. It is slowly destroyed

by pH up to 11.5.

Flavobacterium - In liquid melia at -5 to 15 C., survival of less

than 77 days revealed.

Achromobaeter - Grows at low temperatures (0 C).

Azotobacter - Viability of 10 years on dried dextrin agar is

reported.

MalleoMyces - At low temperatures of 1-4 C. under vaeui i, 25 mo:-th

survival is listed. ( 7)



Erwin.ia - Low RE aids survival in exudates.

*Microorganisms (General) (Table C 11) Generalizations on effects of

temperature, freezing, drying are given. Better survival with cover-

ing of paraffin oil is indicated..

4Wycobacterium (Table C 12) In dried state reports vary from 6-12

months to 4-5 years and one report of 17 years following vacuum desic-

cation. In liquid preparations, reports of several months to several

years are reported. On the various isolation media, 4-8 month survi-

val up to 6 years is listed. Low temperatures gave poor viability.

Drying gives good survival. Low pH destroys but not too rapidly.

*Neisseria - (Table C 13) These organisms are very sensitive to drying

and sunlight. Under freeze-drying conditions, 4-5 years of survival

listed and up to 18 years in others, But in nature in sunlight only a

few hours may 1:111. Liquoid e21 ultures of the meningoeocous at low tem-

perature (frozen) survive for months and up to 2 years. In serum, 16

month survival is listed. On solid media it lives for 8-27 weeks at

low temperatures. The gonococcus survival is poorer except mhen dried,

4-5 years up to 18 years. In liquid media 7-8 week survival is listed,

PH of 7.4-7,6 allow best survival. On solid media, 8 month viability

is given.

*Pasteurella (Table C 14) Dried ma'Uerials live 3 to 4 days then not

in sun, 3-4 hours in sun. When dried in lab for stock, 4-5 year sur-

vival obtained. Liquid materials of P. pestis may survive a few

months at freezing temperatures. Solid media survival of 20-25 years

is reported. P. tularensis may live for months in frozen conditions.

Other Pasteurella strins have somewhat similar persistence character-

istics.

*Protozoa and Metazoa

Entamoeba - Three day to 3 week viability in Ringer's and other

solutions and 10 days in powdered starch medium.
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Plasmodium - In chicken red cell suspension, 72 hours without loss.

Trichomonas - Survival of 4-13 days at 25-37 C. in media; at low

temperature, 2-3 week survival. only 6 hours when dried.

T=ypanosomes - In blood agar tubes, various species lived for 3-4

months at 25 C.; survival varied at freezing temperature of a few

hours to a few months.

Schistasoma - Ten to 18 day persistence in vitro in serum.

Leishmania - Four montb persistence in blood agar at room temperature.

Ascaris - Freezing temperatures inactivated in 6-20 days; high

temperatures (60-70 C.) destroyed in a few minutes.

*Rickettsia (Table C 16) For lyophilizing, surcrose was found effective.

At room temperatures survival of a few hours to 1 week are recorded;

at refrigerator temperatures, 2 week viabi..ity is listed while at

freezing temperatures near -20 C, several month viability is found.

With glycerol added, 10 month at -10 C. is reported.

*Salmonella species (Table C 17) When dried at natural temperatures

several hours of viability is found but lyophilizing allows viability

of 4-5 years or as long as 10 years. In liquid cultures, 3-4 weeks is

the usual report with occasional suggestion of 12 month viability. On

solid media survival of nearly 2 years on blood gelatin and 98 day

viability on gelatin are reported.

*Salmonella typhosa (Table C 18) When desiccated, thin layers survived

5-15 days and thick layers lived for months. In liquid media such as

saline survival over 6 days was found, at -20 C., 4j months are listed

and 10 years in tryptic digest. Resistance to liquid air, ultra vio-

let, heat and freezing are given. On solid media, 91 day to over 8

month resistance was found. Other survival of 3 years to 8 years is

listed on artificial media at room temperatures while lyophilized

strains survived for about 4 years.
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*Serratia (Table C 19) Lyophilized strains lived for 4-5 years. In

liquid, marscescens may survive for 20 years. Cetrifuging destroys

cells as well as radiation from the sun.

Si__ella (Table C 20) Desiccated organisms may live only 20-25 days,

but lyophilized cultures live for 4-5 years. Liquid or agar cultures

may persist for 3-5 years. The organisms may live at 37 C. for 2

weeks. Sunlight destroys cells in a few hours but cultures remain

viable for 900-1500 days in the dark*
*Staphylococcus (Micrococcus) (Table C 21) Dried cultures have remained

viable for 30 years. Stock lab cultures on media sealed remained alive

for 11-12 years. At room temperatures, cultures remain alive for lj-2

years. Lyophilized strains were alive for 4-5 years. Exposure to

saline, freezing, vacuum drying, extreme freezing temperatures result

in lessened survival.

*Streptococcus (Table C 22) Dried cultures may live over 97 days but

if lyophilized, viability of 4-7 years has been reported. Liquid cul-

tures may live 30-60 days, if tissue added then lives 11-12 months,

On solid media sealed tube cultures lived 11-12 years. Increased

humidity over cultures lowers survival from 3 years to 8 weeks.

*Treponema (Table C 23) When dried under varying conditions of humidity

and temperature, the cells were killed in several hours to several days.

Survival at freezing temperature in media for several weeks to 2 months.

At sub-freezing temperatures survival of 1-3 years was obtained Then

tissue added. Exposure effects of heat, pH changes and freezing tem-

peratutres are given.

*Vibrio comma (Table C 24) Dried preparations survived 4 years. Ly-

ophilized preparations were viable for about 4-5 years. Liquid cul-

tures lived for 4-5 weeks. On solid media lived under lab conditions

for 6 weeks to 20 weeks. Some agar cultures dried, lived only 2-11 days.
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At extremely low sub-freezing temperatures, viability for over a year

was found.

* *Viruses (Table C 25)

Herpes - Dried virus at -5 C. survived over a year; at 37 C. for

2 months. Lyophilized, survival given at 4 weeks only. Liquid

preparations at 37 C. for 100 hours and at 42.5 C. for 30 to 80

hours. UV radiation destroyed in 10 minutes. At -70 C. viabili-

ty of over 1 year was found.

Hoof and Mouth - In dried form survived high temperatures for

short periods. Ten day viability at room temperature is listed.

In liquid preparations such as blood 2-5 days viability found; in

buffered lymph over 2 year viability, high pH and repeated freez-

ing did not destroy in 124 days. In solid media, 162 day survi-

val is reported.

Influenza - Dried in talc for 30 minutes destroyed virus. Lyophi-

lized, viable and infectious for 14 months. At -78 C. viability

of 6 months to 3 years is noted in broth plus tissue. At -20 C.

less than 6 month survival is recorded. Low pH was found to be

detrimental. Temperatures over 40 C. destroyed the virus quickly.

Poliomyelitis - When dry, 52 C. for 30 minutes necessary for des-

truction. In glycerin, survival of 6 years is reported by one,

others report over 2 year survival in glycerin. Concentration of

glycerin and storage temperature are important. At 38 C., virus

destroyed in 7 days.

Smallpox - Dried and stored at 37 C., 80 day survival but at 4-6 C.

only 24 hour survival. In media, viable only 30 minutes at 35 C.

Vaccinia - Dried virus at 4 C. lived 12-18 months; 229 days when

dried, temperature not given; lyophilized, lived for 10 months.

In glycerin, at -70 C. 21 month survival, at refrigerator tempera-

ture it was avirulent in 12 months. In lymph for 2 years; in
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allantois at low temperature, for 15 years. Dry lymph in tropics

survived for 18 years.

Tobacco Mosaic - When dried it remained active for many years.

Laryngotracheitis - The virus remained active for 3 years follow-

ing lyophilization and storage at 4 C.
Lymphogranuloma inguinale - Ten month viability has been reported

for the virus in rabbit testes in infusion broth at -78 C. At

37 C. viability of 2-4 days reported with 56 C. destroying in 10

minutes and -70 C. allowing viability for over a year.

Lymphocytic choriomeningitis - Frozen dried material at 5 C.

rem1ninw antive forw n ' a year.

Meningopne'umonitis - Viability for 3 years in broth plus tissue

at -78 C.

Encephalitis, St. Louis - Froven dried preparations at 5 0. were

active for over 833 days. At 40 C. and pH 8.4, 3 week viability

was found. Heat at 56 C. for 30 minutes necessary for destruction.

Encephalitis, Jab B - In tissue plus serum at -20 C., 6-12 month

survival reported. pH levels above 7 inactivated the virus rapidly,

60-70 C. destroyed it in 10 minutes.

Encephalitis, equine - Acid pH inactivated it readily as did alka-

line pH levels.

Enteritis - At pH 7, the virus survived only 20 days.

Measles - In 50% glycerin, the virus existed for at least 3 months.

d - At -20 to 30 C., the virus was viable for only 6 months or

less. Acid and alkaline pH levels inactivate readily.

Newcastle - In 50%/ glycerin at pH 7,6, the virus was viable for 95

days at 25 C. and at 5 C. was viable for a year. At 37 C., one

report lists 126 days of activity.

Psittacosis - Viability in broth for 29 days at lab temperatures,

while at -70 C. for over 2 years active virus was present.
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Rabies - The virus is apparently quite stable, surviving 56 C.

for an hour, -185 C. for 3 months and living at 25 C. for several

weeks. Extraction with ether at -65 C. still gives active virus

after 1 year..

Coxsackie - Temperatures of 53-55 C. for 30 minutes inactivate.

Acid and alkaline pH levels inactivate in I day.

Yellow Fever - Aqueous suspensiorsare viable for 10 days, with

glycerol, 8 months viability is found. Dried and frozen the

virus is active for years.

Comox - At sub-freezing temperatures survival of 1-4 days is

revealed.

Rinderpest - Desiccated virus viable for 15 days. In tissue at

4 C. over 4 month survival.

"Cold" virus - At 4 C., the filtrates are active for 3 days, at

10 C. for 27 days and at -76 C. for 2 years.

*Yeasts, Molds and Fungi (Table C 26)

Actinomyces - Dried cultures survive from 1-5 years.

Saccharomyces - When dried the cells are quite resistant. Ten

month survival in plaster of paris. Lyophilized cultures were

viable for 1-2 years. In liquid cultures survival of 5 weeks to

over 160 weeks at -15 C. are reported. In 10% sucrose, 8-10 year

viability found. On solid media at -70 C., survival of a week is

listed. At -10 C. over a year survival is reported while at 37 C.

5 month viability was found. Some grow at refrigerator temperatures.

Aspergillus - At sub-freezing temperatures survival of 4 days was

observed, while at 7 C. on agar over 2j year viability was found.

At 25 C. in the dark, 6 year storage was reported for one while

others lived 10-16 years.

Epidermophytes - Survied for several weeks at sub-freezing tem-

peratures. (C 13)



Blastomyces - Over 20 months at 25 C, on agar covered with oil.

Candida - Survival of 20 months at 25 C. on agar covered with oil.

Coccidioides - On agar at 25 C., survival of 20 months when

covered with oil.

Cryptococcus - Recovery of 20 months on agar slants covered with

oil stored at 25 C.

Nocardia - 20 month survival observed.

Streptothrix - 420 day survival reported.

Others - Many fungi such as Penicillium, Rhizopus and others sur-

vived over 2* years on agar at 7 C.
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SURVIVAL OF ORGANXSMS IN FOOD

One of the main avenues of invasion of disease producing

organisms and toxins is by the oral route. Many, but not all,

pathogens can infect this way and not all of those that enter by

that route are true intestinal pathogens in the strict sense of the

word. Poliomyelitis virus would be an example.

Food such as green vegetables and fruit may get contaminated in

the gardens from fecal material or handling. If eaten raw without

proper washing the organisms of typhoid, dysentery and certain para-

sites of protozoa and worm types may cause infection.

One of the major methods by ihich pathogens get into food is

by improper, unsanitary methods of handling. In one way or another,

the organism in fecal material or other excreta get from humans or

anTm~as into the food. Very few withstand mild heat. Proper cooking

would destroy all of the potential pathogens.

In some instances, the pathogens are present in animal materials

used as food. That is the milk, milk products or meat may contain

animal pathogens with which the animal is 1nfected. Some of these

pathogens may also infect humans. If the organisms persist in the

milk products which are not treated by pasteurization (milk) or

proper cooking as in the case of meat, the infection may occur.

Sometimes the pathogens transmitted by the milk or meat are from the

food handlers and not from the animals at all.

A few of the potential pathogens may actually grow in the food.

This increase in numbers of organisms may result in such numbers.as

to cause "food poisoning" when eaten. Examples would be Salmonella

organisms. A few such as the Staphylococcus and Cl. botulinum or-

ganisms produce toxins in the food which also cause "food poisoning*.
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The factors affecting survival of organisms in food may be

grouped as to (1) food factors affecting and (2) organism factors

affecting.

Food Factors Affecting:

The general type of food product will affect the survival of

any organism in it. Particular characteristics would be: (1) amount

of moisture present to allow or prevent multiplication of the or-

ganism; (2) presence or absence of antagonistic organisms; (3) the

use of the food by the organism as nutrient increasing the number

and for producing detrimental end-products for survival; (4) the

pH of the food; (5) the presence of inhibiting quantities of sugar,

salt, spices or other preservatives; (6) the temperature under

which it is stored; (7) if frozen, the rate of freezing and (8) the

anouz±L uo light or radiation.

Organism Factors Affecting:

An organism may survive or persist in foods for varying lengths

of time depending upon (1) the inherent resistance of the genus and

species under test; (2) the particular strain of organism studies;

(3) the presence of a protective stage of the organism such as a

spore; (4) the presence of a protective covering on the cell, such

as a capsule; (5) the age (in the growth curve) of the inoculum;

(6) the numbers of organisms inoculated; (7) the ability of the

organism to multiply in the food under the conditions presented.
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SUMARY

t *Bacillus (Table F 1) Bacillus anthracis was found to survive in milk

for 10 years, was present on oats and on corn roots for 50 days and

beans for 6-11 days. Other Bacillus species were found commonly in

margarine and to survive on fruit for long periods at low temperatures.

*Brucella (Table F 2) In milk the bovine strain lived for 5-10 days.

In sheep milk persistence of 22-40 days was observed at refrigerator

temperatures. In dairy products such as butter, 142 days survival and

with cheese, 1-2 months most common but as long as 1 year was listed.

Ice cream kept for 5-7 years at -23 C. still had Brucella present, In

unsmoked ham survival of 21 days was reported. Brucella survive for

an hour in wines and up to 3 days in beer.

*Clostridium (Table F 3) The organnisms are present in cheese and

other milk products, on vegetables, meats and on fish, usually in the

spore states. Clostridium botulinum was able to exist for over 2

years on vegetables at -16 C. as well as a large variety of foods at

similar temperatures. Low pH inhibits the organisms as does high

temperature.

*Colif~or, (Table F 4) The organism may be present in milk and dairy

products for long periods depending on pH and temperature. Some

cheeses harbor it for 12 months or more. In frozen eggs E. coll re-

covered, even after 5 years. It is present in sea foods and may live

in sausage for 13 days. Vegetable surfaces may have the organism on

for long periods. Storage at -4 F. allowed survival for a year. Fruit

surfaces are also contaminated and can live for 2-4 months at low tem-

peratures. Beverages such as milk and beer may have the organism

present.

*Micrococcus (Table F 5) Micrococcus species were present in milk,

eggs, meat, sauces, on vegetables and fruits. Some 56% of margarine
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samples had Micrococcus species present. In eggs at -9 C. survival for

1 year is listed. In meatsurvival of over 60 days at 22-37 C. was

reported. Some survival of 16-144 hours in mayonnaise was found even

at low pH. on vegetables at -17 C. 8 month survival is reported.

Fruit at -18 C. contained organisms for 6 months while Juices at -4 C.

lost viable counts at 50 hours.

*Microorganisms (Table F 6)

Cor~ynebacterium - In frozen cream for over 4 days, butter for 1

month and sausages for 24 hours.

Lactobacillus - Present in milk for long periods and on peas for

over 2 years at 15 F.; in butter for 275-462 days.

Rickettsia - In milk for at least 24 hours and probably 7-30 days.

Cheese for 46 days and butter for 41 days.

Achromobacter - Viable in butter for 239 days.

Bacterium linens - 4 month survival in cheddar cheese at low tem-

perature and pH.

Trichinella - In pork, survival for a few minutes to 36 hours at

sub-freezing temperatures.

Pasteurella tularensis - Present in grain and food contaminated

with rat excreta.

Pseudomonas - On plants for 69 days.

Proteus - In fruit Juices at sub-freezing temperature for almost

a month.

*Nicroorganisms (General) (Table F 7) The general effects of low tem-

perature in keeping bacterial flora of milk and milk products low are

given. Similar reports are given for eggs. Temperature and humidity

effects on survival in meat are shown as well as temperature reduction

of organisms in fish. organisms were present in frozen vegetables for

over 4 years at -18 C. Temperatures of 65-80 C. did not destroy or-

ganisms* Low temperature and moist soil plus organic matter allow
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pathogens to survive. On fruit surfaces many organisms may be present.

They survive at low temperature for long periods up to 3 years. Low

pH destroys them rapidly.

*Xycobacterium tuberculosis (Table F 8) In milk, survival of 10 days

to 2 years is listed. Low temperature allows long survival. Sour

milk destroys organism. Temperatures of 60-80 C. hill rapidly. In

dairy products at 15-22 C., 2-30 day viability is listed depending upon

pH. Cheese may harbor the organism for 2 weeks to nearly a year de-

pending on type (of cheese). Ice cream kept for 4-61 years yielded

live organisms. The organism survived pasteurization in butter.

Several reports on food suggest that fat protects organisms.

*Salmonella species (Table F 9) The major proportion of reports on

organisms in food dwells on Salmonella species. In milk, Salmonella

types may suarvive at refrigerator temperatures about 17f)-324 dnys'

Many experiments with lowered pH show decreased survival. At pH 4.7

for 11-63 days and pH 4.2, no survival. Different species and strains

vary as to sensitivity to acid. Sterile milk plus Salmonella give

good survival suggesting antagonism may destroy them. In dairy pro-

ducts such as butter 117 day survival is suggested, for curds only

48-96 hours, for ice cream about 6-7 years at -23 0., in butter 49 to

212 days, buttermilk for 10-15 days, cheese for 24-30 days or even to

6-10 months, depending on the species arid inoculum size.

In eggs at -1 to -18 C. some 11 month survival reported, while

dried egg at 35 F. allowed viable forms at 65 weeks. Egg albumin was

contaminated almost always and the organisms lived for 20 days at

120 F.

In meats of all types, Salmonella were present in some 1 to 26%

of samples. In chicken at -25 C., 270 day survival is listed. In

corned beef, 60 day viability is given. In oysters, 4 to 24 day sur-

vival is given. In other sea foods 4-40 day survival was found at
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low temperature.

In sauces such as salad dressing, survival of 1 to 144 hours was

found. In cereals and breads 4Q-6 month survival. On vegetables

Salmonella may stay for a few days to several weeks at body and re-

frigerator temperatures or up to 25-31 days at room temperature.

Several reports suggest 200 day-3 year persistence in canned vegetables.

In frozen foods, 12 week survival. On greens for salad, 12 hour to 21

day survival has been observed. In or on fruit these organisms live

for a few days in low pH juices or as long as 1-3 months in frozen

fruit or for 68 days on surfaces. In beverages survival of Salmonella

may be for 38 days or more in cold beer or for 1 hour in wine,

*Shigella species (Table F 10) In milk at refrigerator temperature,

18-27 day survival is listed with 53 days in pH 4.8 milk but only 3

days at lower pH. In milk products survival varies from curds with no

survival to butter at 18 day viability. Cheese may harbor the Shigella

for 9 days. Eggs may be contaminated for 3 months at -9 C. Meats con-

tain viable organisms for over 3 weeks* Cereals and bread may have

Shigella present for 1 day up to 45 days with decreasing temperature.

Fruit have been contaminated for 2-10 days.

*Streptococcus species (Table F 11) Some of these organisms are quite

common in milk, but length of survival apparently is not too long. Re-

ports suggest 8-48 hours in fresh and sterilized milks. In dairy pro-

ducts pyogenic streptococci have been found for varying periods such

as in cheese from 9 days to over 18 weeks depending on type of cheese

and in butter for 17 days. Other streptococci may exist for 6 months

in butter. Ice cream may be contaminated for 12 hours to 18 days.

Eggs may contain these organisms for a few hours while meats have been

harboring them for 13-60 days. Frozen vegetables may have strepto-

cocci in them for a year.
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*Vibrio species (Table F 12) The cholera organism survives in milk

for short periods of a few hours at room temperature to 8 days in

sterilized milk. In dairy products such as butter. viable organisms

have been found for 21-over 98 days with low temperatures extending

the period of survival. Cheese does not allow very long survival with

reports varying from 8 hours to 4-5 weeks. Curds and whey showed poor

survival. In fish eggs/the vibrios lived from 12 hours to over 8 days

at low temperatures. The organisms were present in various fish and

meat preparations for varying periods. In fishthe usual survival was

for a few hours to a few days. When salted and/or at low temperature

low viability was found in fish. In meat a report of 45 weeks was

found but another report suggested 2 weeks at 3-8 C and 7-10 days in

hot weather. The vibrios survive in sauces from 1 hour to about 24

hours. In cereals, 8-15 hours and on vegetables, for 4-5 weeks; on

fruit as long as 4 days are also reported.

4%iruses (Table F 13)

Poliomyelitis - The virus resists heat in milk better than in

water. In butter, 91 day viability was observed. The virus was

found on fresh fruit and vegetables.

Foot and Mouth - The virus has been found in milk. It exists in

beef at -4 C. for 24 hours and at -20 C. for 4 months. Some re-

ports of its presence on cereals suggest 4-20 week persistence.

Newcastle - In eggs, survival of 126-538 days is listed. At 36 C.

over 100 days and at 3-6 C. over 500 day survival was found. In

mash, 56 to over 538 day viability was observed. At pH 5 and 37 C.

56 days was the extent of persistence while at pH 5 and 3-6 C.

over 500 day existence of virus was observed.

Fowl Pox - In dried eggs, survival of 1928-3598 days (10 years) is

reported.
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Encephalitis* JaE B - In eggs at 4 C. only 6 hour survival was

found.

Pigeon Pox In dried eggs,viability of 1099-3605 days has been

demonstrated,

*Yeast and Mold (Table F 14) Yeasts are reported in milk and in

margarine (46% of samples). Vegetables contain yeasts after being

frozen but 90g are destroyed. Yeasts survive for 7 months to 3 years

on or in fruit at low temperature. In foods,.in generzalJyeasts survive

3-15 months.

Molds or fungi may be found in 42g of margarine samples. In or on

vegetables they nay live for 16 months but 90% are destroyed by the

freezing process.

On fruit or in fruit juices at low temperature, viability of 7

months to 3 years has been demonstrated.
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SURVIVAL OF ORGANISMS IN OR ON INSECTS

The duration of survival of potentially pathogenic as well as

saprophytic organisms in or on insects of various types has received

considerable interest. Some insects have been found to play an

important role in the transmission of certain diseases. Below is

given a classification of arthropods and the diseases in which

they play an important medical role. The common names for the

insects are given within the parentheses and the list of diseases

in which the particular insects play a role are capitalized.

CLASSIFICATION OF ARTHROPODS OF MEDICAL IMPORTANCE

PHYLUM-ARTHROPODA

I. Class - Insecta (Hexapoda) - insects

A. Order - Orthoptera (cockroaches)

B. Order - Hemiptera (true bugs)

1. Triatoma spp. (reduviid bugs) - CHAGAS DISEASE
2. Bedbugs

C. Order - Anoplura (sucking lice)

1. Phthirus u (pubic or crab louse)
2. Pediculus humanus capitis (head louse)
3. Pediculus humanus corois (body louse) - EPIDEMIC

EA NFEV EPIDEMIC TYPHUS AND TRENCH FEVER.

D. Order - Coleoptera (beetles)

E. Order - Siphonaptera (fleas)

i, Xenopsylla cheopis (rat flea) - PLAGUE, ENDEMIC TYPHUS.
2. Ctenocephalides ca-is (dog fleas) - DIPYLIDIASIS and

3. Tunga penetrans (Chigoe flea).

F. Order - Hymenoptera (bees and wasps)

G. Order - Lepidoptera (butterflies and moths)

(I 1)



H. Order - Diptera (flies & mosquitoes)

1. Aophees spp. (mosquitoes) - ALARTA and FILARIASIS
2. ]T-e7ffp. (mosquitoes) - FILARIASIS and ENCEPHALITIS
3. Aedes spp. (mosquitoes) - YELLOW FEVER, DENGUE FEVER,

an7 VII ARIASIS

4. Mansonia spp. (mosquitoes) - ENCEPHALITIS and FILARIASIS
5. Culiseta spp. (mosquitoes) - ENCEPHALITIS
6. us spp. (mosquitoes) - JUNGLE YELLOW FEVER
7. irSimlii -spp. (black flies) - ONCHOCERCIASIS
8. Phlebotomus spp. (sand flies) - SANDFLY FEVER, VERRUGA

PERUANA and LEISHMANIASIS
9. Culicoides spp. (biting gnats) - MANSONELLIASIS, and

CARTHUILONEMIASIS
10. sops spp. (deer flies) - TUELAREMIA and LOIASIS
11. spp. (tsetse flies) - AFRICAN SLEEPING SICKNESS
12. 7Tippelates spp. (eye gnats) -YAWS

II. Class - Arachnida

A. Order - Acarina (ticks and mites)

1. Ornithodorus spp. (soft ticks) - ENDEMIC RELAPSING FEVER
2. JDermacentor pp. (hard ticks) SPOTTED FEVER, TULAREMIA,

COLOADOT FEVER, and TICK PARALYSIS3. Txodes spp. (hard ti".ks) - TRUSTAN PRTNn-

ENCEPHALITIS
4. Rhlcephalus spp. (hard ticks) - FIEVRE BOUT0NEIUSEand KENYA TYPHUS
5. Trombicula spp. (mites) - SCRUB TYPHUS
6. A!I3Fayssus spp.(mites) - RICKETTSIALPOX

7. S spp. (scabies mites) - SCABIES
8. rd onssus spp. (tropical rat mites)
9. Eutramhlcula spp. (chiggers)

10. Memodex spp. (follicle mites)
ll. WeRculoidez spp. (grain itch mites)

B. Order - Araneida (spiders)

1. Latrodectus spp. (black widow spiders)

C. Order - Scorpionida (scorpions)

There are some 10,000 kinds of mites, ticks and insects which

affect man with bites or allergic reactions and infect man with one

or another type of disease. Some of these "insects" carry disease

by accident or only occasionally. Some of the diseases are not

directly man to man through insects but may be carried among

cattle and other livestock as well as wild animals, then from these

reservoirs back to man.
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Some insects are considered only as mechanical carriers. This

is where they walk over infected material and/or eat the contaminated

materials and then transfer the infectious orgaiism by defecation,

vomiting or merely crawling over food or susceptible host. Other

insects act as mechanical vectors by picking up organisms when

biting an infected human or animal and carrying on itself until it

bites a new host.

A different and more complex relationship exists in some insects

where the organism grows or multiplies in the insect and then is

transmitted. In certain insects the organism may go through the life

cycles and continue to be infectious following defecation or vomiting.'

In a few instances the parasite may go through a portion of its life

cycle in the insect before becoming infectious for humans or animals.

This typp nf relationship i- difficult to aLsess in survival and

persistence studies undertaken here.

The organisms carried by insects may be viruses, bacteria,

fungi, protozoa and even the larger roundworms and tapeworms. Some

are transmitted by the insect. Experimentally, some insects have

been contaminated with organisms and the rate of survival studied

but under field conditions the organism may or may not ever be

found to be associated with insects in general and the one under

study in particular.

The following thbleq list numerous pathogenic and saprophytic

organisms found associated with insects. For the most part, data

on medically Important microorganisms are presented. In some cases

organisms closely related to the pathogens have been included for

comparative purposes. Wherever exact data on inoculum size and

recovery rate in experimental studies were available the information

was recorded. Experimental transmissions or survivals have been
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noted as such (exttl.). Where studies were made under field

conditions and the organism was found, recovery has been recorded

as "presnt" Where no numerical figures or quantitative studies

were available and the organism was found, recovery has also been

recorded as "presentV In some instances studies were made to see

if the insects could transrmt a particular disease organism. If

the results werc positive it has been recorded as "transmitted".

Factors of Nature Affecting:

The climate, namely temperature and relative humidity play

a role in survival of some organisis on insects. Low RE aEnd high

tenmperature adversely affect many organisms. The seasons of the

year as well as rainfall are important. Some diseases are not

important in certain areas because the insect vectors cannot

survive or live there. Certain factors such as presence of food

and favorable climate as well as intermediate hosts are important

in the survival of the insect as well as the organism.

Factors of Insect Affecting:

Insects vary in their importance as vectors of pathogenic

organisms because of their living habits. Some do not live near

places where the organisms exist. Others while living close to

humans and their organisms do not feed on contaminated material

whether it be food, excreta or by biting or sucking on infected

hosts. Thus, they do not play an important role as vectors. Some

organisms are carried by some insects for varying periods but are

not transmitted for various reasons such as the numbers might be

too small, or the organism must be transmitted into the blood

stream and the insect does not bite or the organism is not in the

biting-parts. Some insects do not provide proper food or conditions
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for survival of the orgonism. It rmight contain antagonistic

chemicals as well as other antagonistic organisms which would

prevent survival.

Factors of Organism Affecting:

The inherent properties of an individual genus, species and

strain may determine whether it survives in or on a particular

insect for any length of time. Priesence of a spore or capsule or

other resistant cell components help in survival or persistence

of the organism. Some cell walls are more resistant to the drying

conditions of air and aid in persistence of the organism when on

insects. Other orgrnisms can grow in insects thus providing

greater numbers and longer survival. Others may resist insect

digestion mid antagonistic organisms for survival while others

~y pns into new gcncrations by tranLovailizt pa~ag•.

SUMUAMY
**illuS (Table ) The important organism of this group (B.

anthracis) was studied in bedbugs, beetles, cockroaches, flies and

ticks. It was found present in bedbug feces, experimentally it

remained in stomach and feces for 24-96 hours. In beetles the

organism was reported present as was true for cockroaches. The

organism was found present and could be transmitted by flies, passing

through the life cycle. This was true also in ticks, the organism

being in feces for at least 100 d.

**Borrella (Table I 2) Organisms of this group are reported in bed-

bugs, lice, reduviids and ticks. Experimental studies with bedbugs

indicated survival in but no transmission by bite. In lice B. re-

currentis existed for at least 19 days and could be transmitted by'

Pediculus corporis. In triatoma B. duttoni lived for 6 days. Much
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work was done with many species of ticks and with several types of

Borrelia. B. recurrentis lived for 5-6.5 years in Ornithodoros.

species and could be transmitted by numerous species. Other

Borrelia are reported as present and transmitted by Ornithodoros,

Rhipecephalus and Argas gsnera.

**Brucella (Table I 3) Reports are present on bedbugs, cockroaches,

fleas, flies and ticks. Bedbugs were host to the organism for over

3 months but not transmitted by bite. They lived for only 24 hours

in roach feces. Organisms were found present in flea feces but not

transmitted. Flies harbored the organism for over 96 hours in the

gut. In ticks, the Brucella organisms lived for over 3 months passing

through to eggs and larvae and being transmitted by bite.

*EClostridium (Table I 4) Studies were made on beetles and cockroaches.

Cl. tetan1 and Clostridia of the gas gangrene group were reported

present in the feces of selected beetles and roaches.

*'PColiforms" (Table I 5) Findings are discussed for beetles, cock-

roaches, and flies. Most reports indicate coliform organisms

(E. celi, A. aerogenes and paracolon organisms) present in the insects

listed with transmission by the Periplaneta americana roach. Particu-

lar interest was shown in flies where growth in the flies was reported

and increased numbers in unsanitary areas.

**Cornebacterium (Table I 6) Studies are reported on these organisms

in beetles, cockroaches and flies. Diphtheroids were found in

beetles and roaches while the diphtheria organism was observed in the

intestinal tract and on legs of roaches. Experimental survivals in

flies suggested survival of a few hours on legs and wings to slightly

over 24-50 hours in the intestinal tract.

Diplococcus (Table I 7) The diplococcus of pneumonia was reported

present in cockroaches, fleas and in lice. It was reported present
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on legs of roaches, in feces of roaches, fleas and lice.

band Streptococcus (Table I 7) Various streptococcus species were

found in cockroaches, flies and reduviids. Reports are on 8. fecalis,

equgnus and mogenes as being present. Transmission of S. fecalis by

triatoma is indicated.
IWFun&i, Yeasts and Molds (Table I 8) Brief data is presented on these

microorganisms in cockroaches. Experimental inoculation of torula

suggested recoveries up to 6 days.

Mealleomyces (Table I 9) Studies on beetles, cockroaches, fleas,

and mosquitoes are listed. It is reported present in feces of all

but mosquitoes. In fleas survival is given at 50 days with transmis-

sion for X. pseudomallei with transmission also listed for Aedes

aegypti.

*4Geicrococcus (Table I 10) Brief notes are made for the presence of

various Micrococcus species in beetles, cockroaches, flies, lice,

mosquitoes and ticks. Survival studies are listed for Staph. aureus

in the gut (8 days) and feces of flies at 3-5 days. Staph. citreus

passed through the life cycle and lived for 9 days after maturity.

Lice were able to transmit Micrococci. Stah. aureus lived for at

least 24 hours but not 7 days in the gut of Aedes aegypti.

*M4icroorganisms (Table I 11) This section contains a few isolated

reports on several gram negative organisms including Klebsiella,

Proteus, Pseudomonas, Serratia and Neisseria.

Klebsiella - found to be present in feces of beetles and roaches.

Proteus - present and transmitted by roaches; present in flies.

Pseudomonas - present qnd transmitted by roaches; present, passes
tbrou~n life cycle of flies and transmitted by
flies.

Serratia - experimental throughout life of roach; exptl. in flies
lived 4-5 days in crop, 18 days in intestines but only
one day in pupae of IXusca domestica.
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*M*ycobacterium, (Table I 12) Reports are listed on the presence of

M. tuberculosis In beetles, cockroaches, and flies; and for M. leprae

in bedbugs, cockroaches, flies, lice and mosquitoes. The studies

with M. tuberculosis reveal it to be present In beetles, present for

2-5 days and transmitted by roaches, present in flies, survive 13

days in flies intestines and feces and to be transmitted by flies.

M. leprae (or similar organism) is reported to be present for 5-16

days on and in bedbugs, to exist up to 169 days in roaches, to be

present in the stomach of fleas and to live for several days in

flies and mosquitoes as well as being found in lice.

W*Pasteurella (Table I 13) Various insects including bedbugs, fleas,

flies, lice, mites, mosquitoes and ticks have been recorded as

harboring Pasteurella organisms for varying lengths of time. The

important organisms are Pasteurella pestis of plague and pasteurella

tularensis of tularemia.

P. pestis - The insect of importance is the flea. History has

recorded its role in the transmission of plague from rat to man.

Representative reports reveal its survival and growth in fleas with

survival in the flea for periods up to 21 days and 4-5 weeks in

flea feces. The organism was also found in ticks and to be trans-

mitted by ticks.

P. tularensis - In bedbugs survival was for 136 days with

transmission. Fleas were found to contain the organism and transmit

it as well. The same was true for certain flies, lice, mites and

mosquitoes. Tularemia is transmitted more often through ticks. The

organism survived in Ornithodoros for 674-701 days, was able to sur-

vive the life cycle of Dermacentor and could be found in Ixodes.

**Protozoa and Metazoa (Table I 14) Data are presented on bedbugs,

cockroaches, flies, lice, mosquitoes, reduviids and ticks.

Try•anosomes - reported transmitted by bedbugs, transmitted by
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flies (Glossina speciesl lice, mosquitoes and reduviids with survival

in the triatoma for 2-6 days.

Leishmania - found to be present and transmitted by flies

(Phlebotamus) and survivedin reduviids for one day with 25 day sur-

vival in ticks plus transmission.

Endamoeba - present in roaches for 72 hours, present in flies

for short periods (2-3 days) at most.

Giardia - found in roaches and survived up to 12 days experi-

mentally, also present in flies for a few days.

Chilomastix - present in flies.

Endolimax - present in flies

Worms - hookworm found in roaches and flies, tapeworms reported

in roaches, roundworms present in roaches and flies.

Filaria - present and transmitted by mosquitoes.

Plasmodia - in mosquitoes with survival and transmission given

under varying conditions of temperature and relative humidity in

various mosquitoes.

Babesia - present and transmitted by ticks.

**Rickettsia (Table I 15) Studies on Rickettsia in insects were limited

to a few reports in bedbugs, fleas. lice and mites with many reports

on ticks. Rickettsiae were found to be present in bedbugs, survive

from 24 hours to 10 days but not to be transmitted. Rickettsia of

typhus fever were found present in fleas, could survive up to 52 days

within the flea and be transmitted. Survival studies of Rickettsia in

lice and louse excrement are reported with persistence for 10 days to

4 months. In feces under varying conditions of temperature and

humidity the Rickettsia lived for 11-12 days up to 147 days and could

be transmitted to susceptible animals, Typhus fever and other Rickett-

sia were present naturally and could be transmitted by numerous types

(1 9)



of mites. Data presented on survival and persistence in ticks are

extensive. Typhus fever, rocky mountain spotted fever, bullis fever

and Q fever Rickettsia constitute the major reports. R. rickettsi

is reported surviving 345 days. It is present in numerous types of

ticks naturally and experimentally transmitted to susceptible animals.

Other rickettsia (RMSF) pass through the life cycle and may survive

over 1000 days in ticks. Coxiella burneti is reported present and

transmitted by ticks surviving 600-900 days and being transmitted

400-700 days. In tick feces viability up to 586 days is listed.

*•Salmonella (Table I 16) These orga.isms are reported from bedbugs,

cockroaches, fleas, especially from flies, and in one or two reports

from lice, mosquitoes and ticks. Their importance is in intestinal

diseases where the organisms may be ceposited on food in feces

prin-nrily. In bedbugs experimental. survival is noted for 2-3 weeks

without transmission. A number of papers on cockroaches reveal

Salmonella to be present naturally and to be transmitted. Experi-

mental findings suggest survivals from 7 days to 42 days with survi-

val within the body and in the feces. Reports on experimental work

witn fleas indicate 96 hour survival in the body, less than 24 hours

in the feces but transmission was possible. One report revealed

natural presence with transmission. Salmonella of typhoid fever

were present in flies. Experimental survival and transmission could

be followed up to 23 days. One report suggested multiplication of the

organism in the gut. Experimental results on survival of other Salmo-

nella revealed persistence from 10 days up to 4 weeks. Salmonella

were reported in lice. in mosquitoes survival of Salmonella experi-

mentally was for I hour in one finding but with a different organism

and mosquito a 3-4 week persistence is reported. In tick feces one

Salmonella species survived for 35 days.
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**Shigella (Table I 17) One brief report on ants suggests survival on

I feet for 24 hours. All other reports are on flies. Several Shigella

species are reported as present with survival for 5-11 days. One

report suggests multiplication of S. dysenteriae in the houpi fly.

**Spirochetes (Table I 18) Two papers report Treponema pertenue to

be present in and transmitted by flies. One report is on experi-

mental survival of leptospira in Triatoma.

*Vibrio (Table I 19) Reports are available on the survival of the

cholera vibrio in cockroaches and flies. Persistence for 79 hours

in roach feces is listed. The organism is reported as present in

flies with experimental survival for 30-48 hours.

*Fyiruses (Table I ý0) Studies are listed on bedbugs, cockroaches,

flies, lice, mites, mosE2qtoes, reduviids and ticks.

Yellow Fever - present in bedbugs for 2 days; in mosquitoes

where nature and history have shown transmission to be important,

survival of 39 days in Culex with transmission, presence and trans-

mission in Haemogogus, in Aedes survival throughout life of mosquito

(approximately 200 days) is reported with the virus present in

nearly all tissues. The virus was also found to survive in Triatoma

for a week but without transmission. In ticks survival lasted

about 6-23 days but was not transmitted by bite of tick.

Lymphocytic Choriomeningitis,- Experimentally survived in

bedbugs for a few minutes (10) to 85 days. It was found in cockroaches

and experimentally survived in and was transmitted by mosquitoes. The

same was true in ticks.

Poliomyelitis - The virus was found present, survived from 1-15

days in experimental studies in roaches with excretion for at least

two weeks. In flies the virus is probably present in nature. Ex-

periments suggested survival of 2 days to 3 weeks in different(I 11)



species with possible transmission reported. Survival of 3 weeks

in mosquitoes is revealed.

Coxsackie - In cockroaches experimental persistence and trans-

mission up to 15 days is suggested.

Mouse Encephalitis - A period of 7 days for survival in roaches

is given for experimental results.

Eastern Equine Encephalitis -•* The virus was found present in

lice and mites. The mosquito is the important vector with the

virus being present in numerous species of Aedes. Transmission up

to 2 months was reported. The virus was also found to be oxperimen-

tally transmitted by ticks.

St. Louis Encephalitis - Reports indicate its presence in mites

with transmission. Aedes, Culex and Anopheles mosquitoes were found

able to harbor and to transmit the virus.

Western Equine Mnaephalitis - This virus was found in mites.

Experimental findings revealed transmission by various Aedes and

Culex mosquitoes. Also reported is transmission by Triatoma.

Jap B Enc6phalitis - Reports of experimental transmission in

Culex and Aedes showed survival from 15-91 days.

Venezuelan Equine Encephalitis - Transmission was revealed for

Anopheles, Aedes and Mansonia species* Survival for 17 days was noted

in Triatorabut no transmission.

Rift Valley - This virus is reported as being present in mosqui-

toes and of being transmitted.

Russian Spring and Summei - Ticks are able to harbor the virus for

varying periods up to 40 days with transmission by Ixodes and Ornitho-

doros.
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Dengue,- The virus survived for periods up to 174-200 days in

f mosquitoes. Low temperatures and serial passage lowered infectivity.

Colorado Tick - This virus was found present in Dermacentor

and could be transmitted.

** Headings for major groups of organisms.
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THE EFFECT OF PRESSURE ON THE PERSISTENCE (SURVIVAL) OF ORGANISMS

Small amounts of pressure do not affect microorganisms particu-

larly, but nay increase the rate of some chemical reactions. If

"super-pressures" in the order of 5,000 atmospheres are applied, the

pressures are able to denature proteins, kill bacteria, inactivate

viruses and detoxify toxins. The temperatures necessary for such

activity are not raised above 20-25 C.

sMMARY (Table P 1)

*Escherichia coli - Some 5,000 atm. of pressure destroy the cells in

45 minutes. When exposed to approximately 500 lbs/sq.in. of argon,

nitrogen, nitrous oxide or carbon dioxide, some destruction of the

cells occurred. Pressure at 5,000 lbs/sq.in. affected the rate of

disinfectiondepending upon the temperature. When 1,000 lbs/sq.in.

of pressure was applied to cultures at temperatures below 37 C., growth

was retarded but accelerated above 37 C.

*Aerobacter aerogenes - Very high pressures of 100,000 lbs/sqin.

destroyed in 4-5 minutes, while 50-65,000 destroyed in 10 minutes and

30-45,000 killed in 1 hour.

*Salmonella - These organisms were destroyed at 5,000 atm. of pressure

in 45 minutes.

*Bacteriophage - Some strains are destroyed by 4500 atm., while

others are not.

*Viruses - Rabies, herpes, yellow fever, foot and mouth, encephalitis

and smallpox viruses were exposed to pressures of 3000 to 7000 atm.

with resulting destruction in 30-45 minutes. Some differencesin

susceptibility are noted.

*Mold and Yeast - Pressitres of 30-3B,000 and 85,000 lb/sq.in. were

tested with resulting destruction in 5 minutes-i hour,

*Bacteria,- General - Vegetative cells may withstand 6,000 atm. for 14
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hours, while spores withstand 12,000 atm. for the same period. Marine

bacteria may remain viable under 400-600 atm. at 30 C. for 4 days.

NStreptococcus - Exposed to 30-100,000 lbs/sq.In, these organisms

survived for 4-5 minutes at the high pressures and 1 hour at the low

pressures.

*Micrococcus - Some 3000 to 6000 atm. of pressure were tried on these

organisms with recovery at 45 minutes with the lower pressure but not

at 6000. Other experiments showed that 5000 atmospheres destroyed the

organisms in 45 minutes as well.

*Mycobacterium - At 3000 atm., the cells survived 45 minutes but not

with 6000atm. of pressure.

*Pasteurella - WVhen exposed to over 2000 atm. of pressure, survival

of 30 minutes was obtained.

*Serratia - At 3000 atm., the cells lived 45 minutes but not with

6000 atm. When subjected to 30-100,000 lbs/sq.in., survival of less

than 1 hour was observed.

*Corynebacterium - These organisms were destroyed by pressures of

40-45,000 lbs/sq.in.

*Diplococcus - Pressures of 5,000 atm. destroyed the organisms in

45 minutes.
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THE EFFECT OF RADIATION ON TTIE PERSISTENCE (SURVIVAL) OF
ORGANISMS

Studies on radiation have shown certain ranges of the electro-

magnetic spectrum to be deleterious to microorganisms. This includes

(1) ultraviolet (200-300 mu-or 2000-3000 1 units); (2) X-rays (0.005-

1 mu)- (3) d rays (short x-rays); (4)fl rat"'', or cathode rays or high

velocity electrons; (5) o( rays or high velocity helium nuclei and

(6) neutrons.

It has been suggested that garma,x-ray and UV radiation of media

and organism produces toxic substances which destroy the organisms.

The death rate in the organism suspensions is considered as a loga-

rithmic one in relation to the energy absorbed. This has been shown

with numerous organisms and various types of radiation. Heat is

probably not the predominant factor in death of the cells.

Some reports suggest the amcunt of radioactive lethal doses in-

volved necessary for killing vegetative cells and spores of different

organisms at between 4-200 r x 103. Ultraviolet energy expended

approaches 1-50 ergs x 10 3/cm 2 . Sometimes a correlation may be made

between chemical sensitivity and radiation sensitivity. No exact

relationships have established between sensitivity to radiation and

taxonomic classification.

Several mechanisms or modes of action for radiation effects on

microbial cells have been proposed. The energy must first hit and be

absorbed by the cell. UV hits particularly the nucleic acids of the

cell at 260 mu. The other rays hit the cell substances in general.

With x-ray, gamma and beta radiation the fast moving electrons damage

the cells probably by the collisions involved. Perhaps this is true

of alpha and neutron radiation which also form ionization tracks

through the cells.
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One of the theories on radiation action is the so-.called target

theory whereby destruction on the logarithmic order occurs f ollovdng

a "hit" on the cell by radiation energy. Temperature does not affect

the rate of destruction so it is assumed that no actual chemical re-

action takes place in the destruction since temperature rise increases

rate of chemical reaction. Areas of the so-called sensitive target

of a cell have been estimated by the amount of radiation necessary to

destroy the cells.

One theory suggests that a lethal mutation has taken place in the

cell hit by radiation. This suggests that a particular chemical entity

is changed so that life processes cannot go on. Some experiments

observing cells attacked by radiation show that one or two divisions

may take place and then stop--with resulting death before visible

colonies can develop.

Ionizing and ultraviolet radiation may result in certain decom-

position products such as quantities of formic acid or hydrogen perox-

ide, There is a great amount of evidence in favor of enzyme inacti-

vation by the radiations. These inactivations or transformations in

enzyme activity may result in complete inactivation of certain pro-

cesses of the cell and allow others to progress resulting in the over-

production of products which pile-up and become toxic to the cells.

This results in stopping of metabolism and stopping of multiplication

and then in death.

In nature, the sunlight contains varying amounts of infra-red

through ultraviolet radiations. The ultraviolet is especially active

in the destruction of microorganisms so that cells exposed to sun rays

may be destroyed much more readily than if in the dark or shaded to be

protected from the sun radiation.
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SUMARY*

i4i-see also surfaces and soil for sunlight effects.

*Bacillus species (Table R 1) Radiation of the UV at 452 erg/m2 at

2537 A destroys 90% of cells. The spores and vegetative forms did not

differ in susceptibility greatly. Death time ranged from 5 seconds to

30 minutes depending on exposure. Exposed to sunlight, the organisms

survive for 2-6 hours on plates to 36 hours in blood. Presence of air

seems to aid destruction. Ultrasonic at 320 kc destroyed cells (99f)

in 45 minutes. Electrons were active in 1 second.

*Bacteria (General) (Table R 2) Some general effects of ultraviolet,

sunlight, x-ray, ultrasonic and electric current are presented.

*Bacteriophage (Table R 3) Dysentery phage at 1.5 erg/m2 per second at

2537 A (UV) was inactivated. In sunlight phage was destroyed slowly.

Ultrasonic destroyed phage in 30-60 minutes. Phage resisted radium

radiations for 3 days.

*Brucella (Table R 4) Light of tropics at 44 C. destroyed cells in 45

minutes. In nature, there is a lower incidence of the disease where

there is an abundance of sunlight and low humidity. Ultrasonic at

2641 kc formed rough from smooth cells in 3 hours.

*Dijlocoocus pneumoniae (Table R 5) These cells are reported less sus-

ceptible than some other bacteriafor perhaps the capsule protects. In

sunlight the organism lived in sputum for less than 5 days while in

diffuse light 30 days and in the dark for 35 days. Neon light destroyed

the cells.

*Coliforms (Table R 6) Much work has been done using the coliforms as

an indicator of sensitivity to UV radiation. Low RH was found to in-

crease UV action. Various idnges of the spectrum were used with most

of the studies at 2537 A Where it was most active. Other strains were

less resistant. Usual destruction time is in a few minutes. Rate de-
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pends on UV source and distance from organisms. Organic matter pro-

tects organisms. X-ray studies suggest younger cells more susceptible.

Removal of oxygen slows domw killing rate. A. aerogenes was reduced

to 37% by 14,000 R. Ultrasonic studies reveal resistance in one re-

port and 99.9 loss in 15 minutes in another. Coliforms have also

been exposed to electrons with 10,000 volts destroying in 1 hour, and

to neon with no results and to radium with no growth.

*Micrococcus (Table R 7) Numerous reports of these organisms suggest

that the Micrococci are quite resistant to UV. Various ranges of UV

were used and different levels of energy used against several strains.

Direct sunlight killed cultures at 23 F. in one hour iile through

glass several hours were necessary. X-rays at 3600-4400 level des-

troyed 63%. Ultrasonic killed 90% in 45 minutes. Low velocity elec-

trons killed the organisms% as well as 10,000 volts, in one hour. Neon

also destroys in 1 minute.

*Microorganisms (Table R 8)

Alcaligenes - Two species showed wide difference in suscepti-

bility to UV, one destroyed in 15 seconds, the other in 30

minutes.

Corynebacterium - These organisms were found more susceptible

to UV than Bacillus, Staph. and others. At 55 C. in tropical

sunlight, no organisms survived for 45 minutes. Cultures kept

in the dark lived 1/3 to * longer than those exposed to light.

Hemophilus - Were very susceptible to UV.

Klebsiella - Almost completely destroyed after 3 monutes expos-

ure to UV.

Lactobacillus - Populations of this organism were reduced by U7.

Proteus - Three minute; exposi.re killed most cells, older cells

more susceptible. Neon light was not effective in destroying

them or was 10,000 volts during a 30 minute period.
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Serratia - This organism was quite readily destroyed by UV. In

40 seconds to 5-15 minutes all cells killed. 10,000 volts des-

troyed the organism, in 1 hour.

Azotobacter - Light from sun destroys the organism in the upper

layers of the soil.

Leptospira - Exposed to sun, it survived for 7 days.

Pasteurella - The plague organism was destroyed in tropical sun-

light at 40 C. in 5 minutes.

Treponema - Diffuse sunlight killed the organism in llj hours.

*Mycobacterium tuberculosis (Table R 9) Reports reveal this organism

to be more resistant than Bacillus spores. Various times are given

for kill, from 3 minutes to 40 minutes. In daylight, killing is in

2-5 hours in direct sunlight and 6-8 days in diffuse light. X-ray

may destroy in 64 hours. Ultrasonic nt 320 'W% 7•,•ii-n^ s 7571 in 75 min.

*Neisseria (Table R 10) UV at 2800-2540 kills. The meningococcus

exposed to daylight is killed In 2 hours. When sunlight passes through

gauze, 30 hour survival is obtained and 6-7 days when daylight diffuses

through towelling and wool. In the dark, the organism survives 7-10

days at 25 C.

*Protozoa and Metazoa (Table R 11)

Amoeba - Short exposure to t7V destroys.

Paramecium - Short exposure to UV destroys.

Necator - Exposed to light, 1 week survival is found but 5j weeks

In partial shade and 7-9 weeks in dense shade. Under varying

conditions of sun and water, survival of 1 week to 6 weeks were

found. In drying soil, 5, 10 and over 30 day survival was found

in increasinp shade. In fecal material in direct sun survival

over 2 hours was observed.

*Pseudomonas (Table R 12) Variable results with UV are reported
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against this organism. The flourescent strains are more resistant.

In suillight, the organisms may survive for li hours at 44 C. Neon

does not destroy easily. X-ray at 1000-1200 r kills 63%,. E2:posed

to radium, the organism does not grow.

*Salmonella (Table R 13) UV at various wavelengths and intensities

is active against Salmonella after a brief exposure. Some 214 erg/mm2

0

at 2537 A reduced population 90%. Sunlight is effective against the

organisms in thin layers of water. In glass tubes, cultures may sur-

vive 1 year exposed to diffuse light. In direct sun, agar cultures

are destroyed in 10-60 minutes to 4-10 hours. Neon was not effective

against the organisms. X-ray did not affect in j hour exposure. 10,000

volts destroyed cultures in 1 hour. Radium prevented growth of the

organisms.

00*• (Table R 14) UV between 2800-Pb40 vA killed the cells

quickly. Some 168 erg/mm2 at 2537 A, reduced population 90%. In sun-

light, these organisms were killed in less than 30-60 minutes ii; strong

light, in diffuse light cultures in tubes lived for 75-1049 days.

Ultrasonic at 680 kc and 320 kc reduced numbers 88% in 30 minutes.

Neon light was not effective.

*Streptococcus (Table R 15) Exposed to UV, Streptococci are reduced

90% by 200 ergs/mn 2 at 2537 A. Air irradiation destroys these as

air borne infecting organisms. Some reports suggest them to be more

susceptible than spores and tuberculosis organisms. Sunlight des-

troys the organisms in 40 minutes.to 4-6 hours, diffuse sunlight may

take almost 7 days while cells survive 14 days or more in the dust

in the dark. Apparently larger strains are more resistant to light.

Tropical sun at 49-50 C. destroys in 15-30 minutes. Neon light was

effective. Organisms exposed to 10,000 volts were destroyed in 1

hour,
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Vibrio (Table R 16) UV is reported as very effective against the

cholera orgniusms in culture and water. Sealed cultures exposed to

sunlight were killed in 3 days while the cultures lived 1044 days in

the dark. Diffuse light exposure allowed survival for 279 days, In

sea water the organisms lived for 8 hours, exposed to the sunlight.

The temperature affected recovery slightly when at 49 C, as compared

to 18-30 C. Polarized light at 24 C. did not affect for 13-30 hours.

Radium prevented growth of the organisms.

*Viruses (Table R 17)

Poliomyelitis - UV destroys in 30 minutes to 60 minutes usually,

or shorter time, depending on distance of source. Direct sun

kills within 30 minutes. Ultrasonic does not destroy rapidly

but high speed electrons inactivate the virus.

Influenza - Survives UV better than many bacteria.

Vaccinia- 40 ergs at 2537 A destroys while light plus chemicals

destroys rapidly.

Herpes - Survives from less than 15 minutes to 40 minutes ex-

posure to UV.

EncephalomyelLtis - Survives only 40 minutes exposure to WV.

Tobacco Mosaic - UV inactivateE this virus over a range of 3100-

2652 A.

African Horse-sickness - The virus is inactivated by UV.

Measles, chicken pox, mumps - All are susceptible to UV radiation,

Foot and Mouth - Intense sunlight exposure destroys organism in

1 hour when dried. Diffuse sunlight is resisted for over 1 hour.

4Yeasts, Molds and fl i (Table R 18) UV radiation is effective against

yeasts and molds when exposed at different wavelengths and amounts of

energy. Older organisms are less resistant, in some experiments dark

color of some protect against UV. Sunlight destroys in long periods
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of exposure. Ultrasonic reduces population at 680 kc to 1f in 30

minutes. Electron bombardment is resisted under certain conditions but

10,000 volts destroy in 1 hour.
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SURVIVAL OF ORGANISMS IN SOIL

The importance of potentially pathogenic organisms in soil has

been recognized. Some of the Clostridia may cause gas gangrene or

tetanus mhen soil gets into wounds. Some intestinal pathogens such

as the organisms of typhoid and dysentery may get into the soil in

excreta to contaminate foodstuffs. Certain of the protozoa and

worms survive for considerable lengths of time or may live part of

their life cycle in the soil entering the body through foods and

sometimes through the intact skin. The organism of anthrax may

survive in soil for long periods in the spore stage. Animals graz-

ing in this area may contact the disease and die. Some areas are

so contaminated that they are restricted so cattle may not graze on

them. Other disease producing organisms might enter the soil from

human and animal are ntA r •o•rcasses. The factors affecting the

survival of many microorganisms in the soil might be grouped as to

(1) soil factors (2) organism factors.

Soil Factors Affecting:

In general, the factors affecting the survival of any organism

in soil would be (1) the general type or nature of the soil under

study, whether sand, clay, loam or mud; (2) the amount of organic

matter present or added with the organisms; (3) the amount of

moisture in the soil; (4) the firmness or looseness of the soil;

(5) the pH; (6) the presence or absence of antagonistic organisms;

(7) the depth of the organism in the soil; (8) the temperature of

the soil and air; (9) the relative humidity (RH) of the air; (10) the

amount and duration of radiation from the sun.
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Organism Factors Affecting:

A particular organism may survive in soil for varying periods

depending up (1) the inherent resistance of the genus and species

of organism under study; (2) the particular strain of organism; (3)

the presence of a protective stage of the organism such as a spore;

(4) the presence of a protective covering on the cell, such as a

capsule; (5) the age (in the growth curve) of the inoculum; (6) the

numbers of organisms inoculated and (7) the ability of the organism

to multiply in the soil under the conditions presented.
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SUMIARY

*Bacillus species (Table $ 1) B. anthracis may survive in spore stage

in soil where carcasses buried for 15-20 years. Other data suggest

12 years in surface soil and shorter periods in exposed places.

Other Bacillus species survive for over 80 days in mud and other

soils and may be present in 500-600 meter deep soil.

*Brucella species (Table 8 2) In sand the organisms live for about

120 days. In dirt dried rapidly it lives less than 4 days but up to

66 days in moist dirt. Viability of 1-10 weeks is reported in various

soil samples. It is suggested that on pasture cover the cells do not

survive long even though excreted in large numbers.

*Clostriditm species (Table S 3) The organisms of tetanus, botulism

and gas gangrene are fairly permanent residents of the various types

of soils.

*Coliforms (Table S 4) E. coli exists in loam for weeks to months and

even to 4 years if moist; if dry, only 11-25 day survival results. In

sand and mud 11 week viability is reported. E. coli usually absent

from virgin soil while A. aerogenes usually present. Survival of

Aerobacter in soil is for many months up to almost 4 years.

*Corynebacterium diphtheriae (Table S 5) In dried sand at 37 C. via-

ble cells were present for almost 30-50 days while in sand alone 98 to

175 day recovery was found. In soil, 98-208 day survival was found

but in dried soil less than 25-35 day recovery was obtained.

*Fungi, Yeasts and Molds (Table S 6) A large part of the microbial

flora is made up of Actinomyces and fungi besides the bacterial popu-

lation. Actinomyces did not live well in acid peat soil. Malleomyces

(not a fungus but of thc Parvobacterioceae) survives in pastures up to

1 year making them unsafe. Actinomyces bovis is more or less a perma-

nent organism in soil. Radiation from sun lowers the soil flora at
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surface level. Yeasts may live in soil for long periods in winter

months*

4*l:lcroorganisms (Table 8 7)

Agrobacte - In clay and loam viability over 500 days and in

sand for over 600 days was reported.

Pasteurella tularensis - In muds both cOntaminated and uncontami-

nated the organism was present for 12 weeks.

Diplococcus pneumoniae - Dried culture in sand liveci for 2 days

and in volcanic ash for 6 days.

Vibrio comma - This organism was able to survive for 1-2 days in

soil without moisture but for more than 33-68 days in moist soil.

On sand 4 day to over 174 day viability is given.

Leptospira - In polluted soil 3 day survival is found. It may

live for months on wet ground and high humidity in air.

Apotobacter - Large numbers in rich soil, few in acid nr sunlit

soils, many in dark sun-protected soil. Pure culture in soil

lived for 40-85 days or more.

Pseudomonas - Survival of 45 days in soil was observed.

*microorganisms (General) (Table 8 8) Various factors of temperature,

pH, fertility, moisture and radiation are presented for legume bacteria,

lactic acid bacteria, nitrifying bacteria, sulfur and iron bacteria,

aerobes and anaerobes.

Kiycobacterium tuberculosis (Table 8 9) In soil from fecal material,

the organisms may live for 2-6 months and even a year exposed to all

types of weather conditions. Animals were infected from the soil in

this manner.

*Protozoa and Metazoa (Table S 10)

Ascaris - on soil surfaces for 2 months to 160 days in summer, for

150-180 days in winter, are examplas of soil survival. Found on

vegetation where soils manured with human feces.
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Necator - Survival in soil for 9-15 days il routine, some larvae

live for 7-9 weeks in shade or even for 84 days. Sun, temperature

I and moisture affect survival.

Trichuris - In shaded soil viability for at least 35 days has been

observed.

Entamoeba - Cysts may remain alive for 4-8 days in soil at room

or lower temperatures. Vegetation manured with human feces was

found to contain cysts.

Nimeria - Oocysts remain viable for periods of less than I year in

soil in sun or in shade.

Sheep Nematodes - Viability of 3 months is reported in pasture soil.

Toxacara canis - The parasite remains over winter in soil under

snow.

*Salmonella species (Table S 11) In dry clay 3 week s•unvtva! and 6

week in wet clay was found. Similar results with loam for rainy wea-

ther survival of 120 days as compared to 49 days in plain loam. In

mud survival of 5 weeks to 2 months was recorded. In peat, 1 day to

30 day recovery depending on pH, moisture and temperature were the

fbnduits. In sand, 6 day survival with sewage inoculum was observed

but with sterile sand then dried, 82 day recovery was founda Variable

results in soil depending on type of soil, moisture and temperature

were reported with survivals ranging from a week to over 16 months.

Vegetables were found contaminated from humami fecal manure for at

least 7 days.

SShigella species (Table 8 12) The few reports suggest survival of

12 days on sand, over 100 days at temperatures of 1-15 C. and in dry

soil at 12-30 days while wet soil provided 40-90 day survival. On

vegetables in soil, 7 day survival was recorded.

skstreptococcus species (Table 8 13) These organisms live for periods

of 26 days to 11 weeks in loam and mud. On sand, viable cells wero
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recovered after 33-66 days. With chicken manure on soil 160 day re-

covery was observed.,

*Viruses (Table S 14)

Foot and Mouth - In sand at room temperatures and 50q humidity

the virus survived for 14 days.

Newcastle - At body temperature and pH, 25 day viability was ob-

served; at 3-6 C. 235 day survival and at -26 C. 538 day survi-

vals were found. In chicken pen soil, I month viability was

observed.

Bacteriophage - Typhoid phage was found in soil at 3 foot depth.
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temperature changes; the humidity of the air will determine the rate

of desiccation. Some organisms are killed rapidly by drying; others

survive better in the dry state. The rate of drying is important in I
killing some organisms. If a surface provides protection from

radiation, rain, wind and other elements then survival will be longer.

Organism Factors Affecting:

As under other circumstances there are a number of qualities

in a particular organism which make it more or less resistant and

allow it to survive for longer or shorter periods. The strain of

organism as well as the genus and species is important since there

are inherent properties of the cells which determine their ability

to survive or persist in nature. The presence of a spore stage or

a capsule protect certain organisms. Others apparently have resis-

tant cell walls which protect against drying and destruction by

other factors. The age of the cell at time of inoculation is

important - if the cells are from old cultures, then they are more

easily destroyed. Of great importance also are the numbers of cells

placed on surfaces and the amount of organic matter in %hich the

organisms are suspended. Organic matter buffers against pH and

other chemical changes as well as protecting against heat, desicca-

tion and other forces of nature. Natural secretions such as sputum

and feces provide some protection to organisms.
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*Bacillus (Table Su 1) Bacillus anthracis because of its spore stage

is able to exist for long periods. On fabrics such as canvas exposed

to room temperature, low humidity and diffuse sunlight, the spores lived

for 10-22•' years; enclosed in envelopes survival of over 34 years on

canvas and in blood on gauze 40 year viability was reported. On glass

or porcelain survival of a few days to 2 years was found. On paper

exposed to sun, 8 hour survival was found. Long survival in brushes of

animal bristles was found. Other Bacillus species survived for long

periods on fabrics, glass, metals and plastics.

*Brucella (Table Su 2) In dust,the Brucella lived for 20 days to 6

weeks. On fabrics such as bags and sacks) 5 days to 30 days have been

observed as survival times. On glass,some survival for several days

has been noted.

*Clostridium (Table su 3) On fabricsthese sporeformers may live for

at least 31 months. C1. tetani on glass lived for 18 years as it did

also on rusty metal. Tetanus spores may exist in wounds for 6 months

and in talc through autoclaving procedures. Cl. sporogenes remained

viable on sutures in alcohol or toluol for over 17 days.

*Coliforms (Table Su 4) Cultures on cotton swabs survived for 8-48

hours. When dried on glass or in high humidity, survival of 22-98

days is reported. If exposed to sunlight when on glass, the cells are

killed in a few minutes. On paper, survivals vary as to method of

drying. Survivals on paper are given as 1 day to 143 days. Exposed

to the sun/survivals of 2-10 minutes were observed. E. coli lived

for 84-168 days in plaster. On utensils, coliforms are frequently

found. On woody coliforms exist for extended periods of a few days to

228 days. Coliforms also found on metal doorknobs, water filters and

in grease of water pumps.
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*Co:rynebacterium (Table Su 5) The diphtheria orgranism has been found

in dust for a few days to 175 days. On fabrics, survival of 2 weeks

to 20 weeks has been observed, with the variations due to drying pro-

cedures, the number of organisms, and the type of fabric and amount of

organic material. On glass, survival of 1-2 days to over 98 days was

listed. Exposed to sunlight, death occurs in 2 minutes. On paper, 6

to 159 day viability occurred but exposed to sunlight, the cells were

killed in 2-10 minutes. On plaster, viability of 37 to 75 days was

found and on utensils such as knives, the diphtheria organism lived for

86 days. On wood, 7-8 day persistence was reported.

*Diplococcus pneumoniae (Table Su 6) The organisms may live in dust

for 2-8 days and on fabrics for extended periods of 2-13 months. On

cotton swabs, cultures kept viable for 8-48 hours. On glass, the

pn==ococzi kept alive for 2-l21 monthi, 2 wnuiLh at 80 F. and 12 months

at 40 F.

*Nicrococcus (Table Su 7) These organisms live for long periods on

surfaces. On fabrics, such as handkerchiefs, the organisms are viable

for a month or more. On glass, the cultures may remain alive when

dried for from 8-10 days to 90 days at 16-18 C. When lower temperatures

were studied (-195 C.), 4-15 week survival was reported. At 37 C.

viability was limited to almost a week. In sunlight, the organism

might survive 10-90 minutes. Organisms dried on paper survived 51-

70 days under optimum conditionsbut in sunlight they survived up to

71 hours. On plaster, persistence of 38 to 100 days at room tempera-

tures was found. Organisms on rubber were easily removed. On uten-

sils, short-term viability was reported using cleansing methods. On

knives, viability of 86 days was ford. Cultures inoculated on to

wood samples lived 35-130 days. Micrococcus species on tinfoil were

reduced readily by washing off and by UV. The organisms were found

on telephones and doorknobs consistently.
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4IMicroorganisms (Table Su 8)

Proteus - Survive in dust for 2-19 days, on moist culture swabs

for 2-48 hours, on blankets for over 81 days, on paper for 11-20

days.

Rickettsia - Survives on laundry to cause infection. On paper,

viability of 21 days has been recorded.

Treponema-Lives on cloth at 21-25 C. in diffuse light for ll.

hours. On glass in stun, 2 minute survival but may live in dark

for several days. On paper money, 4 hour viability was shown.

On dishes 2-8 day survival was found.

Vibrio - Survives on dried threads for 30 days to 7 months.- the same

is true on clothing. Culture swabs do not stay viable for 8

hours with few exceptions.

Pseudomonas - On glass in siun-light, 2 minute viability was found

but over 7 month viability has been found on occasion.

Sarclna - When dried on glass in sun or not survival of 25-60

minutes has been found.

Bacterium linens - On filter paper survival of 90 days is reported.

Trichomonas - On an enamel paint surfaces viability of less than

7 hours was found.

Alcaligenes - Were found on telephones.

Hemophilus - On cotton culture swabs lived 8-48 hours at 16-22 C.

*Microorganisms (General) (Table Su 9)

Dust - Organisms survive in and on dust particles and are air-

borne with dust.

Fabrics - Oiled fabrics contain fewer organisms, organisms may

survive in towels for at least 24 hours and on blankets for 6

months.

Glass - Organisms are killed easier on smooth surfaces and than

on cloth or paper or agar surfaces. Temperature increases and
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humidity decreases give lower survival. Survival of 8 days to

months on glass is reported. Drinking glass samples may have

millions of organisms on them.

Metals - These surfaces have antibacterial and antiviral activity,

eseecially silver and copper.

Paper - Organisms may live for long periods when dried on paper.

Wood - Various types have been tested, some allow survival longer

than others.

*ycobacterium tuberculosis (Table Su 10) Dust may contain viable

organisms for days to weeks depending on amount of sun--two days in

direct sun and 5 days in diffuse light have reported. Organisms have

been found on fabrics (clothes and hankerchiefs) for 18-30 hours up

to 39-70 days and possibly 110 days. When dried on glass, organism

.1- live for 4 months. Oi paper or books live organism may live only

a few hours but reports suggest over 35 days or up to 3j months in

sputum dried on books. A number of general reports show survival de-

creased by sunlight but survivals of 309 days listed for dark areas

or 74-100 days exposed to electric light.

*Neisseria (Table Su 11) These organisms are usually low in survival

rate. On fabrics, 5 minutes to 24 hour viability is shown for the

gonococcus and up to 7 days for the meningococcus. On glass, a few

hours of survival is usual but with dried blood up to 45 day survival

has been found with the meningococcus. The g c organism lives only

2-5 hours on glass covered from the sun. On wood, dried films live

for a few hours exposed to sun but unexposed the meningococcus exists

for 8 days. Other studies suggest a few hours on metal and for

several weeks on other surfaces.

*Pasteurella (Table Su 12) Studies of the plague organism suggest

survival on fabrics is of short duration, on glass for 3 hours to
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6-9 days when organic matter was present and on paper survival of 3 to

8 days with better survival at higher humidities. On filter paper the

tularemia organism lived for 20 days at 20 C. in feces. On plaster

the plague organism was viable for 5-11 days. On various wood samples,

survival at different humidities was from 1 hour on moist pine to 36

days but survival of 2-3 months at 37 C. may be obtained and 260 days

at 25 C. when unexposed to the sun.

*eSalmonella (Table Su 13) Studies with these organisms in dust gave

survivals of 20 to 130 days under varying temperature and humidity con-

ditions. On fabrics, viability on towels was for 2 days, on cotton

culture swabs for at least 1-2 days, on cotton linen and woolen cloth

for 60-150 days or even longer. Cn glass and porcelain, survival of

2-4 days was found as minimum time but for 34-44 days when dried

under optimum conditions of temperature, humidity and with protein

organic material for protection. On paper, survivals of 5-10 days

are given as low recovery figures with survival in fecal material

on paper for 55-137 days for S. typhosa and 240-421 days for S. para-

typhi. On plaster, the typhoid organism may live 83-101 days. On

various wood samples at 16-18 C., viability of 9 to 119 days was re-

ported with pine wood giving poor results and lime wood, long via-

bility. The Salmonella have been found to survive well on bread

surfaces and on metals such as iron, copper and tin for 20-30 days.

*serratia marcescens (Table Su 14) This organism is used frequently

as an indicator organism for air, water and surface studies because

of its distinctive colony color. Studies on fabrics were made with

exposure to ozone with 95g killed in 45 minutes at 21 C., 89% RH

and .06 ppm. ozone. Studies on glass gave similar results. Recovery

in 2 minutes was obtained in sunlight. On paper short term survival

was obtained exposed to ozone and to sunlight (2-20 minutes).
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*Shigella (Table Su 15) The Shiga organism was found in dust over a

10 day period. Various fabrics were studied for survival of dysentery

organisms with data suggesting 4-150 days depending on temperature and

light. At room temperature in the dark, .50 day survival was found,

while at 37 C. only 11 day persistence was shown. The Shiga organism

does not live as long on the Flexner bacillus, which is more frail

than the S. sonnei. On paper, survival from 4-9 days to 270 days is

recorded. Sunlight destroyed in 5 minutes. At 38 C. only J-j the

survival time than at 17-20 C. Mhen dried on wood, organisms lived

for 4-9 days at 17-20 C., which was 2-5 times longer than at 38 C.

These organisms were able to exist for 30 hours to 2 months on bread

crusts.

*Streptococcus (Table Su 16) Many studies have been carried out on

streptococeu- -urvival "nnder natural condition8 in dust, air and on

surfaces. Studies on dust indicated streptococci would live 4-25

and 44 days. On fabrics, such as cotton, blankets, bedding, linen

and towelling, the organisms survived for 2 days to over 4 months.

Oil on bedding lowered air count and blanket counts of streptococci.

Organisms on glass and dishes lived for about 14 days, 'When exposed

to ozone a large per cent were killed on glass and paper. One report

suggests 44 day viability when dried on paper. Some studies were

carried out on rubber and on telephones and metal.

*Viruses (Table Su 17)

Foot and mouth - Dust allowed survival at 62 F. and 52%, RH for

11 days. On glass, exposed to sun, I hour viability was found

but when dried in dark it remained for 10 days in one case and

2 years in another. On paper, it remained active for 2 days.

In nature the virus remains infective up to 345 days.

Influenza - The virus may survive in dust for at least a week

and probably up to 3 weeks. on fabrics such as blankets, the
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virus survives at 37 C. for less than a day but over 3 days at

22 C. If dried in saliva on blanket, viability of over 1 month

has been found. Similarly, on glass, 1 week at 37 C. and over

1 month at 22 C. Ten dried on rubber, it remained active only

40 minutes. 11hen dried with mucin, the virus was active for 45

days but less than 22 days in talc.

Newcastle - This virus survived over 50 days on burlap sacks at

high and low temperatures, even when exposed to mercurials. At

11-36 C., 538 days of viability were observed. On glass at low

temperatures, it remained active for months. On paper, the sur-

vival was similar to burlap.

Smallpox - Vesicle fluids on glass remained active in dry state

for 84 days in dark and 35 days in daylight. Other reports sug-

gest that smallpox crusts remain viable for many years.

Tobacco mosaic - On cured tobacco leaves, this virus remained

active 31 years.

Swine Fever - The virus apparently was able to withstand high

temperatures when on bricks or hay but was readily destroyed

by chemicals.

*Yeasts, Molds and Fungi (Table Su 18) These microorganisms remain

active in dust for long periods and may be carried by dust in air.

Tricophyton - The dermatophytes survived on cloth for several

months and on occasion up to 346 days. On paper, viability of

102-346 days was observed.

Microsporum - On fabrics such as wool or cotton for 78-235 days

and on hair for 420 days.

Molds - These microorganisms on cardboard exposed to UV lived

for long periods. They are found on many surfaces and even

telephone receivers.
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yeasts - They are found on various surfaces.

Fungi - Large numbers found in dust, on paper, wood and surfaces

such as telephones.

(Su 10)



StJHVIVAL, 0OF ORGANISMS~ IN WATERl

later has been known for a long time as a vehicle for trans-

mission of various intestinal disease-producing organisms. Water

may harbor other pathogenic or saprophytic organisms as well. It

is of importance to study the effect of certain factors on the

survival of organisms.

The general factors affecting survival may be listed as follows:

Water Factors Affecting:

the gezeral nature of the water is important whether it is

sea, lake, stream or well water, as well as the degree of pollution.

The concentrations of salts will affect survival and also the

organic content playsan important role. The salts may be toxic

while the organic matter supplies protection as well as possible

nutrients for growth* The prnane of other =ntagonistic orzgain±s

such as bacterfa, algae or phage may be important. The presence

of toxic chemicals of industrial or human addition such as chlorine

or sulfites affect survival adversely. The depR and turbidity of

the water affect the amount of light and other radiation coming in

contact with the cells. The temperature of the water affects the

rate of survival as well as ability of organisms to grow. Low

temperatures give longer survival. Flowing water in nature may

dilute out occasional contaminations

Organism vactors Affecting:,

The type of organism being studied is of importance in the

length of survival. While the genus and species of organism is

important, also the strain under study determines to a certain

extent the persistence of the organism# The presence of a spore

stage of the organism or a protective capsule will aid a particu-

lar organism to survive. The tot l number of organisms inoculated
lW 1



is of great significance in length of survival as well as the age of

the cell (of growth curve) when inoculated. Some organisms have the

ability of growing when only a few salts are present in the water* f

The pathogens usually require more complex media. A few can grow

on the organic matter of polluted waters depending upon the tempera-

ture, Some pathogens may grow over a range of 15-40 C. Organic

matter may also protect cells from destruction even if they do not

provide nutrients. Selection of resistant strains may provide

greater survival of the organism under certain conditions to which

they are exposed. An organism selected for resistance to increased

temperature in water may not show increased resistance to some

chemicals in water, but does to some chemicals.

(W 2)



8U1WARY

I*Bacillus anthracis (Table W 1) In natural water., survival is of' long

duration. organisms have lasted up to 12 years in lake water# and

have been found viable in rivers and stagnant pools. Under laboratory

conditions, survival of 181 years has been reported. In general,

survival was better at room than at body temperature in either tap or

sterile water. At low temperatures, around 10 C., survival was usually

about 3 days. In distilled water, survival ranged from 30 days to 30

months. 'When culture medium was added and room temperature maintained

survival was similar to that in natural water. Survival was reported

u p t .o 29.0 months in sea water, When culture medium was added, the

interval was much shorter. In sewage~the organisms lasted up to 16

montho.

*Bacillus species (Table W 1) Bacillus cereus was adversely affected

by pH level. below 7. Bacillus megatherium was similar but less drasti-

cally affected. pH! above 7 likewise decreased recovery.

*Bateiopage (Table W 2) The death rate of' E. coli phage in tap

water was found to be of' the first order. It was extremely suscepti-

ble to irradiation while in distilled water. In sea watera small.

percentage of organisms survived after 30 days. Survival in physio-

logical saline was not as &,,d

Salmonella phages varied seasonally in natural waters, increasing

in the summer months. In sea water they could be recovered up to 7 days

after inoculation. Survival in physiological saline was not as good.

Shigella phage survived in sea water up to 30 days. This was

longer than in physio~logical saline.

*Brucella (Table W 3) Brucella melitensis and Brucella suis survived

up to 10 weeks in natural waters. Brucella abortus in pasture Water

survived between 8 and 30 days. Bruce).la species in general 'were
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sensitive to pH levels above 8 and below 6.6.

0Clostridiumn (Table W 4) Clostridium botulinum was present in ice

kept at -16 C. for a month. It survived processing and heating in

sewage sludge.

*Escherichia coli (Table W 5) In well waterEscherichia o sur-

vived 2-5 months. In river water it was round up to eighty-seven

days after inoculation. Cold temperatures encouraged survival in

natural waters. At 37 C., a pH of 5-6 was optimum for persistence.

Radiation, natural or artificial destroyed the organisms in a few

seconds. Stagnant water did not support it. One report states that

after 20 years in water stored in the dark, the organism survived.

Organisms were recovered from distilled water, kept at 0-8 C.

after 16 months. Increase in temperature resulted in a decreased

survival rate. pH 6-8 was most favorable for survival.

Ice was found quite suitable for survival of E. coli. After 163

days at -20 C., organisms could be isolated. They were more resistant

to freezing than to thawing.

In some cases E. coli could not be isolated from sea water. When

organisms were inoculated they survived as long as 39 days depending

on size of inoculum. Addition of culture medium lengthened the

survival time.

Organisms persisted in physiological saline for over 31 months

at room temperature but not as long at 37 C. At pH 8, 0.145 M NaCl

allowed better survival than a greater or a smaller molarity of NaC1.

Low pH or very high were unsuitable for survival at any molarity. In

sewage, counts were higher in the summer. The organism could be iso-

lated after 65 days.

*Aerobacter aerogenes (Table W 5) The organisms were well preserved

at 18 C. in river water for up to 73 days. Lower or higher tempera-
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tMres were not as effective in preserving the viability. Suirvival was

poor in raw river water. The presence of E. coll had little effect

on recovery rate, Survival in sewage was similar to E. coli.

*Leptospira icterohaemorrhagiae (Table W 6) This organism survived

in sterile or unsterile tap water up to a month at neutral pH. When

serum was added to the water, recovery was positive at more than 3

months. When inoculated into stagnant water, at pH 7.6 and tempera-

ture M5-32 C., the organisms remained viable up to 115 days. Likewise

in distilled water, persistence was fair, in sea water, poor. Sewage

was more heavily infected during the warm months. Organisms survived

in feces and tap water for 55 days.

_et-aza and protozoa (Table W 7) Entamoeba histolytica survived in

water at room temperature for 5 weeks. At higher temperatures, sur-

vival was pooro Ultra violet rays were quickly effective in killing

the organism, sunlight more slowly so. In distilled water at 12-22 C.

viability was positive after 153 days. Entamoeba coli survived even

longer. In sewage, survival was from a few days to a month.

Trichomonas vaginalis survived 45 minutes. Ancylostonmae species

persisted from 12-18 months. In sewage sludge they survived 5 days.

Necator americanus lasted 18 months at 60 F.

Giardia intestinalis survived over 2 months in distilled water

at 12-22 C. At the same temperature Chilomastix mesnili survived

187 days.

Ascaris lumbricoides eggs survived 151 days at 103 C.

Taenia saginata persisted in sewage sludge for 6 months.

Trichuris trichuria in the same medium lasted 22 days.

Paramecium did not survive well in sewage.

In general, if protozoa and bacteria were both present there tended

to be an increase in protozoa, decrease in bacteria.
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*Mirococuspecies (Table W 8) Survival of this organisrm in water

for up to six days was usual. Addition of pus or culture medium

greatly increased the survival time. Temperature range of 20-35 C.

had little effect on survival,. In distilled water, survival was about

the same. The organism was recovered from ice after 66 days. It

survived in sea water up to 36 days. In physiological salt solution,

survival was not quite as good.
*Miscell,,ueous Miero-or•is•(Tbl 9& 0

j is- (Table Vi 9 & 10)

Alcaligenes fecalis was found constantly in river water. It

survived 18 days in distilled water.

Corynebacterium diphtheriae survived 30 hours to 3 days in sterile

water, depending on the temperature.

Neisseria gonorrheae was viable for 22 minutes in sterile tap

water or sterile distilled water at 37 C. At a lower temperature

survival was longer. It survived in ice 9-15 days and recovery was

high in physiological saline, with culture medium added, after 6 hours.

Bacterium phosphoreseens was viable after one week in fresh water.

Lactobacillus casei survived in ice and was more resistant to

freezing than thawing.

Bacterium salmonicida survived up to 67 days in sewage.

Erysipelothrix was viable in sea water after 1 week and for a

slightly shorter time in drinking water.

Serratia marcescens survived about 100 days in tap water, much

longer in impure well water. It was susceptible to ultra-violet

treatment of water. In ice there were positive cells after 51 days.

Proteus species were isolated from river water. Proteus vulgaris

survived 103 days in ice. In physiological saline some species

survived 40 days.

Pseudomonas pyocyanea flourished in all kinds of water. Survival
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in distilled water was best at a low temperature. Recovery from ice

was high and from physiological saline, fairly good.

Klebsiella pneumoniae survived over 31 months in distilled water.

Survival was also good in saline.

NTTcobacterium species (Table W 11) Mycobacterium tuberculosis sur-

vived more than a year in tap water. Other reports on survival in

natural water varied from a few days to 6j months. In distilled

water, organisms persisted after 16 months. Low temperatures appeared

to promote survival. Survival in ice after 12 weeks was reported. The

organisms remained viable up to 131 months in physiological saline at

37 C. In sewage, Mycobacteria could be recovered from I hour to 35

days after inoculation. The lower temperature permitted longer sur-

vival. Manure kept at room temperature allowed survival up to 6j

months.

The avian strain persisted 73 days in stream water or sewage.

Mycobacterium paratuberculosis was recovered 163 days after

inoculation of river water. Persistence of 9 months was also reported.

Factors Affecting Survival of Organisms in Water (Table W 12)

The effectiveness of ultraviolet radiation against water borne

baeteria may be influenced by minerals in the water. Changes in

salinity and osmotic pressure are better tolerated by fresh water

than by marine organisms* The coliform group is not entirely relia-

ble as an indicator of sanitation as illustrated by outbreaks of

enteric disease caused by "potable" water, antagonism of some organisms

against coliform cells, great resistance of some non-coliform organisms

to chlorination, presence of pathogenic viruses and role of non-lactose

fermenting gram negative rods in enteric disease.

In lake water, bacteria were found in greater numbers in autumn

and winter. However, organisms stored in glass containers increased
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more at high temperatures. Mechanical dishwashers reduced bacterial

count. Sunlight was almost as effective in killing organisms on the

bottom of 50 cm. of water as those on the top.

Snow, with a large dust content, carried many bacteria. Clear

ice was more free of organisms than bubbly ice or snow. A great

variety of bacteria have been isolated from snow.

Bacteria in sea water are more thermosensitive than are terres-

trial organisms. At 40 C.,,8% were killed in 10 minutes. At -16 C.

organisms in sea water outlast those in distilled water or broth.

The protozoa serve to rid sea water of Salmonella. When plankton

are present, bacteria are virtually non-existent. The pressure

bacteria experience in the sea retards terrestrial organisms. Reports

were favorable as to the action of o,4ch* r, A•4QnQ I ,

Phctori- in seavge, while they may survive sometimes, are sub

ject to the action of antagonistic saprophytes. E. coli is attacked

by putrefactive bacteria.

*Pasteurella (Table W 13) pasteurella tularensis has been reported

to survive in water as long as a year. Natural waters become contami-

nated by infected animals. Other animals can be infected by inocula-

tion of contaminated water.

Other Pasteurella species survive up to 4-5 hours in distilled

water.

*Rickettsia (Table W 14) Coxiella burneti survives 7 days in water

at room temperature.

Rickettsia prowazeki has been found in well water. Both tap

and distilled water and also saline have an adverse affect on via-

bility.

*Salmonella (Table W 15) Salmonella typhosa at outside temperature

survived up to 40 days in well water. At room temperature, the sur-

vival sometimes was longer. In river water, low temperatures aided
(W 8)



survival. At 0 C., viable organisms were cultivated after 8 weeks,

whereas at 37 C., the bacteria survived 1 week. In pond water at

temperatures around 10-15 C., survivals of 4 days were reported. In

tap water, storage in the dark at temperatures of 68-72 C. preserved

viability for 43 days. At warmer temperatures or in the light, the

cells died off more rapidly. They survived 36 days in aquarium water,

up to a month in mineral water. Well water infected with urine re-

imained positive up to 14 days. The presence of other pathogens de-

creased the survival time.

Salmonella typhosa survived 32 months in distilled water at room

temperature. Survival rate was also high at 37 C. and at 0-8 C. In

ice, the orgasism wa viable after 7 months at 0 C. Another report

found 99.9% reduction in 8 days.

FIiltcrcd sca matcr supported the orGxiim ror 3'2 deyso Contaml-

nated sea water greatly diminished the length of positive recovery

interval. S. tphosa survived in physiological saline at room tem-

perature for 32 months.

In raw sewagejthe organism survived 3 days at room temperature

or longer at lower temperature. In activated sludge~it was alive

longer than 24 hours. Aeration of the sludge decreased this time.

Lack of aeration increased it. Sterilized sewage supported the bac-

teria over 3 months.

Salmonella paratyphi A survived only 2 days in tap water. Boil-

ing the water increased the survival 5 times. Filtering the water

and placing it at incubator temperature increased survival interval

25 times. The organism survived 86 days in filtered rain, 42 days

in distilled water at incubator temperature.

In non-contaminatdd sea water S. paratyphi A survived 18 days.

If the waters were contaminated survival was cut to 1/3 this time.
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In saline it persisted 33 days, in sterile sewage at room temperature,

7j months.

S. paratyphi B survived 86 days in filtered rain, 42 days in

boiled tap water sad 22 days in unboiled tap water. Reports of sur-

vival in distilled water range from 32 days to 25 months, depending

on temperature. Survival in ice was reported to be 17 days. Contami-

nated sea water supported the organism 12 days, sterile water up to 38

days. In physiological saline the bacteria persisted 73 days and in

sewage, 24 hours to 3 weeks. Sludge activation cut the number in half

in 1 hour.

Salmonella typhimurium survived in outside well water for 30 days
when E. ci was also p. i on r~tad sea water, it survived

7 days or 3 times longer in sterile sea water.
...... ... ..... ,n'.•.,-,y , c dy5 irn ent-amnIi, ted sea

water, 23 days in non-contaminated. This organism lasted 131 months

at 37 C. in physiological saline. It was sometimes found in city

sewage.

sgýigella (Table W 16) Shigella dysenteriae survived in well water

at outside temperature for 30 days. At room temperature, reports

varied from 11-71 days. Sterile water preserved the viability from

24-30 days. Results in unsterile water were very variable. In dis-

tilled water, the organisms retained viability from 7-73 days, in

ice up to 2 months, in sea water, under some conditions, 5 months

and in physiological saline 131 months.

Shigella Paradysenteriae (Flexner) persisted up to 38 days in

natural water and up to 73 days in distilled. In physiological saline

53 days was the longest survival time reported.

Shigella paradysenteriae (Sonne) was isolated from tap water. In

well water it survived 30 days.. S. paradysenteriae _•. survived as
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long as 32 days in sea water that had been filtered and autoclaved.

*Streptococcus (Table W 17) Streptococcus agalactiae was reported

to survive 66 days in natural water. S. pyogenes remained viable

in well water for 66 days. It survived in other natural waters up to

a week, in sterile distilled water up to 87 days, in physiological

saline, 12 days. S. faecalis survived 1 hour in chlorinated swimming

pool water. Under the same conditions, S. salivarius survived 5 min-

utes. In 0.85, NaCl, . tis was alive after 13j months,

*Vibrio (Table W 18) Vibrio comma was reported to have survived 391

days in tap water. Other reports ranged from a few days to a few

weeks. In well water it was found up to 62 days after inoculation.

In raw river water, less than 2 weeks, in springs, various lengths of

time, depending on the treatment of the water. Distilled water sup-

ported viabilitv un to 29 days or sterile diStill-Ad wt 5 ' ,Q Aya,.

Organisms were recovered from ice up to 7 days after inoculation. The

longest survival of the organism in sea water was 122 days. Others

reported survivals much shorter than this. Vibrio was viable in

sewage 48 hours. If the sewage was autoclaved, survival was not as

good. Sterile sewage supported the organism.

*Viruses (Table W 19) Poliomyelitis virus survived 100 or more days

in tap water at ice box or room temperature. Exposure to direct sun-

light cut survival down to 45 minutes. In chlorinated lakes, the

virus was killed in less than 10 minutes. In treated well water, the

virus disappeared in about 1 hour.

M sewage, polimyelitis virus'survived up to 2 weeks. At 4 C.

survival was even better. It was found regularly when cases were

reported.

Lymphocytic choriomeningitis virus survived 3-7 days in chlori-

nated drinking water at room temperature.
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Western equine encephalitis in the same situation, survived a

maximum of 5 days and St. Louis encephalitis survived up to 4 days.

The virus of yellow fever survived 10 years in distilled water

in the ice box.

*yeasts and fungi (Table W 20) Aspergillus survived 56 days in tap

or distilled water. In distilled water at room temperature, the fol-

lowing survived 1 year: Cladosporium mansoni, Aleurisma castellanii,

Actinoimyces, Monilia, Geotrichum, Epidermophyton flaccosum. In ice,

Saccharomyces survived 28 weeks at pH 6.5-5, 15 weeks at pH 3.7.
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TABLE 4J THEi ý'lJRVIVAL OF BACILLUS3 SPLCIRiS 114 AI-R

- Factor(s) ur~vival Reference

EXPER IMENTAL

B. anthracis
Spores, di.st. water, 25C.
Direct siin, strong ivind. m1oo,. 8,000 C7oionies.

Renov. 0, 2'h. Kruse
Ozone, 1[. h., 37 0. N40ro eec t Ranisome ..

Sunliirht with air 211 h . Roux 10637
II withoiit air. > 83 1'.

Stoeam urld~-r pros~suvfe, aiit"I
ci aye, 15 lbs. .30 min. Syiny th l$

13. subtilis
Spores, spray dryinES. Show smrill i~ortnliLy Bulilock 1.9t1.'
Air inlet tori~. , 180 ýJ. Shol smlall I

75c 10 k 11 1. vo kild

liquid 8uspe1181jol, 30 sed 50;0ý killc'A
Dýýod stbta, 70 (,., )I() r. it

lVI 1ýC. , I h. IC orIm to destruct.
Moist conttaincr, 7.2,6',

900., 1 h. Iesryd
Duist ýiltoi's Pc prorti~pitot' P's

8 id red at, the-. pres()i~t ud CO t ovnl-n sffnnA crin 'rý.
made hanteris fr'ee. Dal a.VC-:1le. lcAj-4

Exposed to U.V. Tnnurmrnhlc naloulus
I nil)., h2, 3 mill. Hit1C

Suspended In airs 22~ (t?2%) errgs/crl2 Hrt1
nec ssary for storili-

Bxt srye nzntIon of i~r .3 Sharp 19L40
Brot spaye inair2.6 baicteria/ft air

Iafter 5 d. 1 1l~ 1934~
Dist water slprayed in ~<~.10 h~net./10 ft. 3 ýiir

after 7 d. i
Infection depends riora, on iv Lvbility of' o rgpan ! in
than on settling,, rate. i

OUTDOOR t____
B3. anthraci~s21..

Dry air, 200 1'241. Smy th 1 gal
B. negatheriurn

Dust 13vidence of trans- ort
dur-1n1f storm ISo-Lae 1934j



TABLE 21 2 TTUE SURVIVAL OF BRTJCELLA SPErIr-S IN AIR

4Facyor(s) Stirvi val Rleference

EXPERIM~ENTALr
B. melitensis

Dust contarn~invtod i~ith
urine. 30 d. Chief 19)44
Dust. ' [ d. IKennedy 1905

Ozn 4 .,220 o effect IRp'riSOTrn 1901
OUTDO OR

Be melitensis
Dry dustý of I4slta 20-28 d. Horrocks 110 6
Dry stori).o ( is t, 20 d. t

Domip ste rile suil 72 d. 0

Dry sterile Tytinure 69 d.
~voi~st t tO7 d. t

itunsterile ~'20 d. f

In-idenc.- of infection hith1 whore total rainf½1 1
hip ,h and negl1Ar~l.hle in ser'i-arid areas. The
sterili -inr, e t'Th" - -f --nitinuous simli~lit s(ýems
to be p.'rarnoiint i~n ohoclding, dissernin!:tion while hi~mi-
dity, ralnfnll, sufllessitiss Ir (ncongestion of

anim~als favors spreiad. Polding, 1950



TABLE T SITW'IVAL OF CL OSTRIDIUM, COR 3EBACTELI1,N, LACTO-
BACILLI',i. NEI•S," IA • VIRIO SPE•C]ES IN AIR.

Fac tor ( s ) Survival Referenc

EXPERIMENTAL
0. diphthoriao

Ozone, I. h., 37 C. Growth resuied after 8 d.
incub. RansomOe 190

Air 2 d. Wells 1936
C. xerose

Maleic & phthalic anhydiides are more active
than their correspondirp; acids. The effuctive
vapor concentration is 25% saturation for
chemical disinfection cf air. WhIte a 1944

Lactobacillus acidopilus
Those whiich became susp ndod in tho air from
liquid media either P'y ratural or artificial
means settle out rapidly in 5-10 rain. DuBu-' 1947

Bacterial popul tion somewhat reducod by
radiation but not cunss teiie•lj. DuBuy 1948

Vibrio cholera
Water spray, cocoon thr ad. Recov. 0, i h. Kirstein 1900

"H " silk threoad Recov. 0, 72-108 h.
In Calcutta Death rato increases

Lth teroenrnture Ray V Y0
INDOOR

Corynebacterlumi dil:htherls(
Floor, d(ust, dark, in

vitro 7-102 d. Crosbie 1941
Floor duzst SW00jin'g"°. 5 wks. I

P, air aftor oiling flocr. Untroeted, there were
colonio8,"

During 'i oftor 8weeping 7 col.. Rravis
" quiet period 8 ", M1it;i"
" bed making 1 " Graavis s

Diphtheria patients Expulsed from resp. tracL
Oy 10 of 50 pationbs. Duguid 1946

Drying, R,.T., 25) min. Inoc. 204 col., Rocov.0, h.
"If (0 rin. 13 " " " Jochimoen 1928

Dust, dried, R.T. 175 d. Ouchterlony
1949

Dust Long p.riods Pressman 1.937
In talking ."' coughin , C iphtheria pa:tients fre-
qwontly omit droplets containing viable bacilli TeIgUe 1913

Air 48 h. Wells 1935
Floor dust ((Grk vis st.) 1 no. Wright 1941
Flor dust 2 no. It

Neisseria menin[itidis
Can be carried at night from a carricr to his
neighbor unles..-; bed .ce Is >ý feet. Eagleton 191.9

OUTDOOR
Clostridium welnbii

only spor'ulating forms survive when inCluenced
by oxygen under pressure or atmospheric air
Cor'dlitio rs a Ernst 1900

f~ or~y ~ ha c ipdi 2 tiloriA)
Air, drying. Surv. lung- t"h-.im. in dust.. -rnst IWaO

V. cholera Coldest rornth of year, dries out. Rogers 19a.44



TABLE THE SURVIVAL OF DIPLOCOu'CUS SPECIES IN AIR

Factor(s) Survival Reference

EXPERIMENTAL
D. Pneumoniae

Daeigh,---n simula ted

room environment 42 min. Buchbinder
1942

Dark, si•ul•ted room
environment. 12 h. "

Spraying into ntnosphere from large oaup. of broti,
saliva or 0.5% saline produced high mortality
rate at 50% R.H. At R.N. above or below this the
survival was prolonged. Dunklin 1948

When saline free liquid ased, the sharp peak in
death rote at intermed to R.H. disappeared.
The lethal effect of i ermediato R.H. on pneumoo
cocci atomized from sal va containing suspension
is increased when the p ticle size of the
droplets is increased o when the tomperoture is
raised. A narrow range of R.H. near 50% Is
rapidly lethal for orgaaisms freshly sprayed
in air. _Dunklin 1948

INDOOR
D. pneumoniae

organisms susD. in fresh iecov. 95. .3mmed. afto
at. mized saliva spraying.

Recov. 329 after 75 min. Robertson 1942
Outside body Brief duration Rohertson 1947
22 D., R.H. 50-80% Within 10 min. all the

pneu•no. had disappeared
from air at 50,10 R.H. 1948

Floor dust, Types I • II 0 ra. Stillman 1917
Air 48 h. Wells 135

0



TABLE L THE SURVIVAL OF ESCHERICHIA COLI
IN THE AIR

bFector(s) Survival Reference.

EXPERIMENTAL
Air aerosols, after atom- 25 % viable Ferry 1951
iz ation

Exposed to ultra violet Innumerable colonies
at 1,3, 8 minutes Hart 1939

Ozone, 4 hres. 60 seconds Ransome 1901
Air 1 day & 8 hrs. e1ls 1936
Broth & air, atomized, dart

room 120 min. Wells 1935
Ultra violet lamp off 30 min.
Ultra violet lamp on 12 min.
Ultra violet lamp covered 15 min.
Increased Humidity Increases resistance

to germicidal energy Luckiesh 1942
Susp'n in air 24,800, plus or minus

5.4% erg/cm2 neceasara harp 1940
for sterilizing air.

With ultra violet the bact ricidnl action is great- liford 1942
eat at lom, humidity. In atmosphere of 45% RE
it in about 10 times as lethAl as at 90% RH.

Cigarette smoke has no gm cidal effent & nulls ort 1940
germicidal activity of 10 hexyl resorainol in pro-,

SHumid Max. growth when most Kopeloff 1922
humid

Dust 4 yrs. Savage 1903

i*



TABLE TEE SURlVIVAL 0?' NICROO:IGN~tI3SM IN AIR

Factor(s) Srv~vnl 1 Iiuf (3rJ!cc

ALT I TTDE
B,9c ' n rIa R- r~o 1( s poir (3 !'olnrI,I t !0,000 Ft.* Arili. troiqý 1936(
Nutriont ns~r 2R Coy

pITT 7.? , 5,700 i't. atWovu
surfaco 103 c. )1onioo. Niiinrouis

hFootorl e& CriXýXid *a1('jig
'I-0 1 6~1113t 1htbo i3t~ilO5-'

p)ýe re PiroE iot killed
by )'ot bat "', drjno 8

Hig:,h 'r bacterial c~ountji i clauds. Dillon ~2
static chnrgo' that caua-. di1nok1.jinf; of' I-xrticeas

W'Ich oadhiered to p1 nitlDu hanm 94
Bacta ri a, r 1. a b tilri, o agi r'0r mi!1, ilcilll(1 tv~ar

th11-n in idry jittte. lfo o-J
Bqtcl aria 2r/Iinto air:

RH , Z10 .15 ;)d
21 C., 15~ vi~ii. 9>9 C"-/ kill1.ed t

Ozone ,o C. *In oxcus.N of ppm. in n ntrmo.,pThcre op
()0-')0/` j~R-j roq'!iredI W r'oduce q( ,I)vo.xIzatio1

Tonf ti~mes fli), .fly -,;orrr, P1'r d,,iy sa on
fo".Gy flaYs. LoGioncn L33 Subnor~mal. -an-shirw t-~'c iL~ .J .erioa respOli-
si.ble fop~ ourvival of in ect~ioua aeontoi in riir.
High coolinf, puvior 61,i U' strong winds reduced.
rusisterico oc peoplo Maiiso;ner 1();10

Decreasiný, Ikuimbur or ..sitcria procaoding froini
basement tc 4th floor. Parvis 14

ChalnCe associntion w Ltb) Jt ,"t pw t ~clas Irtciva-ir0
survival of ai~r borno o Lanisinw. Fc r sun'!,:'1 of

Navy Ros. 93
4caties descriliod bit tur I y iflsuct TWetiA' to S.
America in Y-ojRva des(.!t. Schlotthauu r

Study of # of' organI sins f c nd In upper atmrosphere
ranCging from 25 to 280 T irr: on 1 Aj.9

AGar prirtes at 19,,000 to 28,000 ft. prodinoad no
organisyns. _________ Walker l3

EXPER IMENTAL
Rats, G.P. Pe rabbIt3 ox- Certain aroas of largo
posed to aerosol of bect, spore cone. The groat r
Spores. the volume of tidal air,

the greater the # of
organisms in the lun s. Anon 1%q~

Propylene glycol 1oss ef C cient than phenol when
a-pplied as a pnint & batter than pheniol vben evap.) Baker 1944i
A number of air borne b):.O era were able to tsurvive
for a given time but deczeased by rnising R.H.
from 110 to 60% or higher Bakor 191%.1

Sterilizing of qir by 1J.V rndiation offectivo uller
the organlsiss are disper Hd in droplet nuclei,, the C19t6
smnallest particles heirg most vulneruble Bourdillon



TABLE _ THI SURVIVAL OF 1IICROORGAN ISMS IN AIR

Factor(s) Survival Roferonce

EXPERIMENTAL, CONT.
Air from sneezing 100,000 bacteria remain

in air over 1 mnih.
16,000 still in air
ovor 30 min. Bourdillon

Air with hypochlorite All or rriost of bacteria 1942
spray, 65 T., R.U. 66% omitted can be killed

in 3-4j min. by npray ol
NaHC1O in co!c. of 2.1
cc./l,000 Cu. ft. air.

Lower limit of offective
humidity is below Io0%
at 70 F.

Apps•ratus for determir).ti n of peaetration of par-
ticulate air borne material tlhroulgh 1noe described.
PRrticles greater than 5 r,,iora art filtered out. Bojland 1947

In ferieral, moving hot cir is more effective in
sterilizing of plane pollshed surface than still
hiot air of seme temperature Breinl n935

Size of agg•regtes of mic llae *--reased with con-
concentration of saline,,ICth incon:.,o time in
sediment ition ch mber. | 9autrebande| 1 (rJ, •

2an distribution of droplt nuclei. Disappearance
3 of 90% in 30-(0 min. Nue. e± greitet than 6 micra

in diameter survived 20 rin. 11luclei greater than
11 ,•icra survived 90 min. Swsllor nuclei survived
30 h. Duguid 1946

Racteria carried in handkcrnhief aftor 2 days uue
liberated -)n rild manual shaking. Recov. 14,720 Dumbell 191.8

Organisms heated in presei ;e of stosri -ro main-
tamned in ststo or InterrediA te hydiration which nitkes
them more susceptVble to killing action of high
'emps. than would be the ease if allowed to dry
out completely. Dunklin 1948

50,1 solution calcium chloride spread on floor will
prevent dust )--6 wecks. Galambo. 1942

Technic outlinnc3 for detoitnin'ng Fparticlo size
distribution of viable a r borne bacteria Goldberg 1950

Icans of sampling bapteri 1 aerosols 11 1951
Wave length of 2537 A hlg ly efficient in inacti- 1946
vating many disense agents. Hollaan(er

Factors which influence efficacy of glycol vapors:
1.) RH.H. 30-5o0/ 2) Grunt'r below 72 P. than ,!bove.
3) Yore effective %I.th d rt Re ,:ht than alono. Hirbu-,sor 1945

The physiological 9e biolor ical coucopt. for bactori-
tidal irradiation of sir have been ftirly well-
c'stablished by various I vesiigators. Hart 191.44

Relatively Iw intensity IV.V. of 2J3'7 X ill :nt~r-
fer'o with celliiilr divi,, on ' -,en.dty irnv!tIvate
Tmany d1asese agents whiel are not p-rotected by
other substances. Hollacnuer 1 9L42



TABLE j THE SURVIVAL OF MICROORGANISMS IN AIR

Factor(s) Survival Reference

EXPERIMENTAL, CONT.
House dust, 30-35 C., R.Hf Rcyr. 225/10 ci. ft. Hollaender

53-6.3% after 30 ain. 1944
The bactericidal effect of glycols varies markedly
with changes in temporat re & in humidity, de-
dreasing rapidly with te perature rise k reaching
maximum between 1[0 4, 64 R.H. Krueger 1944

Bacteria, oxygen, exposed
to sunlight 3 h. Kruse 199

Brecteria, hydrogen, ax-
posed to sunlight o 7 h.

Indicates that inhalation of dust borne pathogens
may be important mode of spread within group. Lemon 1948

Construction of apparatus for exper mental study
of r•,spiratory infection. Leif 1950

At a c .nstant saturation level of glycol vapor,
there was foid to be apyroximately ri two-fold
increase in the rste of lactuoicidal action with
each 15 F. increase in temperature. Lester 1950

At high humidities the pa ticles in equilibrium
contain so much water th t highly bact,.ricidal
concentration of glycol re unattainable. A limii

Equation given for determ.ng effect oP radiation
on bacterial populat ion. Lidwell 1948

Air nuspension, Low R.H. Bactericidal effect
The falling off in effectieness at loer hiuiditi s
of all bactericides con:;idered appears to be a
function of the bacteria carrying particles them-
selves. The maximum killing rate is attained onlý
at vapor concentration near or in excess of sat.

Vaiors of most coraron aerial disinfectants disappeirs
from the air at an apprec iable rate by one or morc
of a number of processes which include aerial
oxidation, dondensation Lpon surfaces, adsorption
by surfaces. The disalppnrance of the vapors from
the air appromated a ]ogrrythmir law over a range
of corcentrat ions. Lidwell 1948

Lactic acid is cheap brietcricide. Reached peak
between 60-85% R.H.

Bactericidal illumination ia much slower with dust
than with culture spread on slidos or Petri dishoi
at room R.H.(60%). Low irtensity U.V. i fluorescer t
li,,hting of good intensity appeared to destroy the
various organisms about f ive times as fast as
n&atural death rate in k ark. Lidwell 1950

The treatment of cotton & woolon bod clothes find ol her
fabrics with oil emulsior, is not roadi.ly affected by
changes in R,H.•. tamperot.ire or small variation in
concentration of oil emulsion uved. Loosli 1946

S Allphatic alpba hydroxy crrboxylic acids are iood
bactaricidal agents for *Ir disinfection. Lovelock 1948



TABLE /-1 THE SURVIVAL OF MICROORGANISMS IN AIR

Factor(s) Survival Reference

EXPERIMENTAL, CONT.
One gram of propylone gly ol aerosol in 2,000,000
of air effected c ;riplete sterilization of an
atmosphere containing as many as 500,000 boct./l.
of air . Miller 1942

Filters prepared from ,,olvtin permit the most
successful total recovery by cultukre procedures f om
an inoculun of a Known nmber of organisms in
contaminated dust. Mitchell 1949

Air, U.V. 20 micro watts Adequate disinfection
per sq. cm. (2,537 A) 250-500 see. Mudd 1944

U.V. 30 micro watts per
sq. cm. (2,537 1) 167-334 sec. "

Review of methods used in preparing aerosols Muller 1940
The two primary condition for the successful
a;.plication of U.V. for isinfection of air are:

I) the supplementary irra lation with dust suppres.-
!on measures since U.V. ight is not efficient
against bacteria protect d by dust 2) attain a
rnsdistion oC sufficiant ntensity but not 3o high National Ros.
as to affect the eyes or skin. Council 1947

Glycols are most eff'ctivw at R.H. botween )jO-t60o;
FAVLC , Loll! ). ',t1lVw )UL Niles 1 46

Effectiveness of any compound as an aerial germiicide
depends upon the extent of condensation of its vasor
on s.r suspended bacteri Pc on the rate nit which tho
resulting conc. of ern i ide can ,r.oduce death of
the organism. At any R. . the killing action is
greater the more closely the germicide vapor
concentration Approaches the saturation point. Puck l1547

Glycol vapor conc. mainta.ned at a level just
below the fogging point were found to be as ':ffec-
tive as luporsaturated atmosphoro. Presence of
visible ,ist of clycol Ui no way harrif,.l. Puck 1945

Air, A0 F. and below., R.11.
45-70%, sprayed with Puck 19013
propylene glycol Maximum ',actetcicidal ac ion.

Ozone shows no romi-tkaule effects on pathogenic
:)acteria Ransome 1901

No difference of U.V. bec ericidal action over a
R.H. ran,'e of 35-95%. 1ontschler 1940

Temperature of organisms within viability range)

hns no effect on action of U.V. 1941
Air borne bncteria about /I0 as resistant to U.V.
radiation as when in liqu d susponsion or on agar.
More resistant at high R.]. than in 1c R.II.
Lethal radiation 1c25 if bacteria first exposed
to heat.

Short intense dosago of b uteria with U.V. is lossI 1. thrtl to E. coli t Ian lng nild exposures " 1939



TABLE • THE SURVIVAL OF MICROORGANISMS IN Al R

Factor(s) Survival Reference

EXPERIMENTAL, CONT.
Treatment of bedclothes w~th medicinal paraffin

reduces amount of dust t at can be liberated 1941
from blankets by 90%. Van den Ende

Epidemic spread of contagion depends upon defi-
ciency of air supplied p r susceptible person.
The ten-fold increase in winter ventilation or
its equivalent in U.V. rdiation doos control
epidemic spread. Wells 1943

Methods of standard ba:teriologic procedure Wells 1946
Exwtination at autopsy fa led to reveal any differ-

ence between animals kept in glycolized air ?c t ose
in ordLiary roorn atosphre. Wise 12L7

INDOOR
Triethylene glycol acts ac do-humidifying & gerdi-
cidal agent. Introduced as vapor shows 90% re-
duction of bacteria in a r. Barrett 1.947

Definite decrease in ivici, euce in severity of in-
fections of tho upper pait of resl.iratory tract
noted among children kup in irradiated ward as
cumpi red with control. ýiayenberg 1940

Irradiated materials hid iucm greater bactericidal
action than non-irradic:tcd riaterial Beckhold 1937 7

# of colonies dimir ishud ýroportional to care taker
in use of caps & muasks. Brown 1c16

90-95% fewer organismns obtained from o2led blankets
th,.ui from contro 1 blinke s. Dingle 1946

Gram neg tive bacteria in air. R.T., Combined
spectrum killed -oat bar eria in 15-30 sec. of
U.V. radiation. Preceod: nL, freezing with liquid rir
makes grnam negative bacte ia ,ore strongly suscopt
to U.V. than gram positi a spore formors. Gartner 1947

Analysis of bacteria founý in large rural cenitral
schools. 207 Strep. !t-o ated fropi roons irradiatod
w.th U.V, compared to 318 fron non-i radiated roons.Gilereas 1"50

Marked decrease £,bs5ovud i total -ate of incidence
of upper respiratory infections following use of
propylene glycol va. ors. Harris 1945

Gives various organisms detected in operating rooni. Hart 1938
B;Acteria have definite variations in rate of multi-
plicatioo ,, amount of grcwth with changing con-
ditions of moisture Kopelof£ 1922

Filters of air condttiooer ),'ore Xffectife when
portinlly clogged wi ttb dirt. 1'eitber furnace heat
nor centrifuge action of blower ,,;e, rs to h:,vo at y
influence on # of orgarn is s recirculoted. Lemon 1944

Fluorescein dispo rsd i .t 1 I r oP room as powder.
Rec.overed "rot, dast aftC 20 swepings. ~owbutry !950

Saliva in air 16 h. Luckiosh 194
Organi.rms sprayed in air. 3000 or,. /cu. ft. aib.

14/ of Lnittal volue, h.
37 C., textile r'ill Colonies grew more than

tt R.T. Matuso 1943



TARLE . Tr!E SI:VIVAL OF V111100 VIANISNS IN AIR

, -cto' (S) Survival Reference

INDOOR, CONT'.

Bact-ria count. higher in Jan., March, April, Dec.
Lowest in Aug. *, Sept. Matuso 1943
If the entrance to lab. ii hung with cloth soaked

in carbolic acid ., the wvndow locked tightly there
is considerable reductior in bhcterial content of
air in the roon Oestorlo 1933

Bactorial content of :corn. ng ai.r ii, operatinG r.ourl
twice that of afternoon. Count i1 'Lower in the
summer Rice 1541

Use of U.V. amnps in duct of a.r conditioner sig-
nificantly reduced bacte ial couat. Robert,;on 1940

Roomn with ol1ed fl£ crs haI 70A reduction in ý:,tr
borne bacteria during ins imun activit " 17ý4

U.V. laups effective in r ducing bdcteria & pro-
\enting spread in air ducts. C).I. ld

R*T. , R 6 TT, 1-).O;•, glyco]
saturation 1.O-100% 2-3 riln. 1949

The higher the concentration of gljcol the more
rapid the bactericidol ,tion. Concuntrntioý:•, of
70-90% produced r, pid ki 1inn. Hiv83

Air in nursery. No nurse
in cubicle for 1 h. I -Ai ,. 4- . .

1943I I:urse in cubile 10 nin.
for diapering inflnt. 299 Col./iO cu. ft. air. "

No aLr coid..tioning, count
aloud from 1-50 without
face riask 25 col./1O cu. ft. air#

Air conditioning along di. not prevent spread of
respiratory cross ifect on. Gerxmicidal irrauia-
tion of upper afr togeth r with air conditioning
reduced # of respirvtory cross infections. Flannel
gauze nisk worn by a tenr ants of value in prevent- 1948
ing cr.,ss infection. Rosenstarn

Prevention of cross infection by TT.V. air condit. Sauor 1942
T.j[hulntion of 1,314.2 infections aoqulrod in the
laboratory. Recognized cecidunts in ?15 1.n:,tanuee
308 cases research, 455 cases diagnostic work,
25 cases product of hiolcgicals, 29 cases class. Sulkin 1951
Air bofore sweeping. 0.7/cu. ft. Thomss 1941

"" ( u2r II.1/cu. ft. "
"i after " 30 ,i,. •"

Trestrient of bed clothes ýith liquid pinrali.n
causes 95/ reduction in h organisms distributud
in asr during bedorking.

Sarples of air from U.V. 1ospital ward averagod
5 organisms /cu. ft. Wells 1940

UT.V. trradiation checked epidamic spread of con-
tagious diseases duriw.n rold wt---thea, wloen air
dry. Not effecti.ve d ri g mroist weather 1 19)

liecterial. reductions of 2(5o vith use of U.V.
irradiation in barracks. Wilimuon 948



TABLE J THE SURVIVAL OF 1IICROORGANISMS IN AIR

Factor(s) Survival Reference

INDOOR, CONT.
Rate of disappearance of '.)eteria from air follows

logarithihic relation wit) rospect to time. Dis-
appearance rate increases as R.H. increases. Temp,
did not effect rate of d sappearance. NaOCl aerosol
can effect reduction in -he bacteria in the air b t
requires a high mist can . The RH of air influences
effectiveness of serial actoricides. The vapor ressure
of the bactericides infl onces its use PA offectiveness
as aerosol. Low R.H. ro e favorable t'an high fox 1942
viability of air suspendid organisms. Williamson

Indoor dust 3-5 mill.ion barteria/m I Winslow 1 12
OUTDOOR

Strong proetolytic proteim, Aeration stimulates ba t.
20 f., Incub. 7 d. growth, decomposes cas in,

produces ammonia, de-
creases nit.rogen. Allen 1940

10 to 11 rag/cu. meter of bsolute humidity or greater
allows organisms to surv ve long enough for infect. Bey 1948

Air of sewers does not gi. e off germs. Jacobi 1894
Organisms in nir, heavy r in. 80% reduct., 4 h. Lewis 1907

"II it light 30 ,.
" " •.JT L •,,a.u " ... ujo f•.i4/ q. L'b.

" betwooen

70 q: 80% 144/sq. ft.
Air windward of town. 11/sq. ft./min. "

" leeward " " 27/sq. ft./rain.
R.T., textile mill Colonies Crom ,xternal

air thrive rore than
at 37 C. Eatuso 1943

Effectiveness oC U.V. lit t decreases rapidly with
increasing R.H. above 55 or 60•. The rays are mo 0
efficient against stio,]l part lees than Thrge. Perkins 19'47

Samples of outdoor countrj air avwrage 11j.5 c1i. fto
air/lactose fermenting o rganism. Samples of outdo r
city air average l0.2/cu ft. Wells 1940

Street dust 49,200,000 bact./gm. Winslow 1912
Air borne marine bacteria very resistant but lcilllc

by U.V. radiation just as readily as fresh water
or terrestrial species. Zobell 1942

Marine organisms collented on towers 30 milos it'-
land. T_ýrrestrlal organ sms collected 130 miles
at sea. Collections wer proportional tu wind
vel~c ity. Zobell 1936



TABLE 2 TEE bURVIVAL OF MICROORGANISMS IN AIR (ADDkaUDUM;

Factor(s) Survival Reference

ALTITUDE
Can be transported almost li•i tloss distances hori-
zontally depending on ability to survive atmospheric
environment Jacobs 1940

Bacteria found above 19,000 ft. at -26 Co survived
>48 h. Proctor 1934

Numerous bacilli, staphylococ i "e micrococci found
above 20 thousand feet. 1935

Windy weather prior to flight resulted in increased
counts. 1942

Flights 50-609000 meters. Ba terial distrib1 'tion was
Coccaceae 50.3%, Bacteriaces 3.65%, Bacillaceae 39.89
Actinornycetaceae 3.10 % Spillaceae 0o15%. Skrsynska 194.9

EXPERIMENTAL
Erwinia amylovora

R.H. close to 0. Viable & infectious after
1 yr. Rosen 1936

Hemophilus pertuss is
Air 1 h. Wells, 1936

Malleomyces mallei
Ozone 4 h, 37 Co Growth resumed after 8 d

incubation. Ransome 1901

Aerosols, air, after Resistant to shock. Sam
Satomization. vitality in aerosol as

in suspension. Ferry 1951Pro teus vulg ar is

Exposed to U.V. 61 col. 1 min.; 2 col.
3 min. Hart 1939

Pseudomonas pyocyaneus
Exposed to U.V. Innum. col. 1 min.,

38 col. 3 min.
Ozone 4 h. 60 sec o Ransome 1901

Pseudomonas aeruginos a
Suspension in air. 16,00(t 4.7%) ergs/cm2

necessary for steriliz-
ing air Sharp 1940

Sprayed into air < 1 d. Wells 193t
Air <1 d. 193

Sarcina lutes
Swabbed on tongue, nasal
mucosa & tonsil crypts. Usually impossible to

recovwr, Bloomfield 1919
Sarcina sp.

Airp R.To, R.H. 70-72%, Tr-
ethylene glycol vaperized
with hot air. 82% killed, 24 h. Gruen 1949

Serratia manecescens
Suspenaion in spray reduced Disappeared at rate of
to dust, R.T. 1.5-0.17 =m/sed. Re-

mained floating in quie
air of room 4 h. Flugge 1897

Water spray Recov. 0, 27-33 h. Kirsteln 1900



TABLE /t.THE SURVIVAL OF MICROORGANISMS IN AIR (ADDENDUM)

Factor(s) Survival Reference

EXPERI'JMENTAL, "CONT.
Serratia marcescens

Ozone, 4 h. 60 sec. Ransome 1901
Air breathed in thru nose Recov. 91%, 10 min. afte

and mouth, spraying bacteria in air.
Size of particles important:

Large particle 87% during spraying
Mad. particle 85% 6 sec. after spray
Small 62%, 10 min after " Rooks 1939

Greater recoverability of a dynamic cloud in wet
than in dry atmosphere. Rosebury 1947

U.V. light 15 min. Rosenstern 1942
Suspension in air 20,700 (t4.7%) ergs/cm2

necessary for sturiliz-
ing air. Sharp 1940

Air, 29 C., sun shining 3 min. after spraying,
6,000 Col. Teague 1912

30 min. after "
1 col.

Pure cult. in nasal passage. Shows nearly all organ-
isms destroyed before
reaching nasopharynx. Thomson 1896

Sprayed into air < 1 d. Wells 1934
Air < 1 d. 1936

Form & structure of organis ns may be factors affect-
ing persistence $- viability & this may be related
to infectivity. Ferry 1951

Wave length 25 micra acts s ronger against Gram neg.
organisms. Chromogenic ba.cteria showed conspicuous
stimulation at 313 micra. Spores were killed by
U.V. just as fast as veget tive forms. Gartner 1947

The rate of kill of air dri d bacteria was highest
at low hiumidity (15-20%);with rising R.F. the death
rate decreased. As air-dr ing period increased, th
rate of kill by glycol dim nished. Glycol vapor was
effective against particles as large as 8-10 micra
in diameter but not killed as rapidly as those of
I -4 micra or less. Robertson 1951

INDOOR
Proteus morgani

Dust of ward 2-12 d. Hoare 1943
Bacteria counts in test barr aks lower than control
following 1T.V. radiation. At the end of the study Jarrott 1948
open plates were found to he a poor method of air
sampling because stray irrad L:tion at 5 ft. level
induced a 19% reduction in counts.

Respiratory ,-icrobes, air,
U.V., 2537 J. Recov. 0.5%, 2 h. Knowles 1950

" Concentration of air-bmrne bacteria in army barracks
depended on (1) # of men present at one time (2) amoi t
of and ty',e of acti-ity (3) rargest # hactoria found
during greatest activity. Lemon 1944



TABLE THE SURVIVAL OF MICROORGANISMS IN AIR (ADDENDUM)

Factor(s) Survival Reference

INDOOR, CONT.
Air borne bacteria in major iurgery roughly propor-
tional to # of people prese t in surgery & to
activity on floor proper of surgery Nisbet 1938

Microbes in air. Longer in huntd than in
dry air. Rochaix 1931

Air, ward, during bed moking Quiet, 22/cu.ft. air.
Beds in making, 510/cu.

ft. air. Rountree 1946
OUTDOOR

Hemophilus influenza
Death rate hih during 4 mc. period of high R.H. Barreto 1948

0~ 2



TABLE 4 THE SURVIVAL OF MYCOBACTERIUM TUBERCULOSIS IN AIR

Factor(s) Survival Reference

EX'?ER IMENTAL
Water droplets carry microb s. G.P. not infected

after inhaling dry tubere e barilli for 1 h., but
infected in few seconds iiihaling humid ones. Rain
does not play important pathogenic role. Fog does
play Pathogenic role Aimes 1933

Droplets on plate, 45 0.,
20-38 cm. from speaking or 300-600 times increase
coughing persons mouth. in count. Flurge 1921

Loud speaking 40-1,000 Times increase
in 30 min. "

Drops from bronchial tree in
20 coughs. 100-8,000 times inc.

Sputum of tuberculous patie t. 50,000 bacilli/mg.
Tubercle bacilli dan be rec vered from macroscopical y

normal lung tissue of rab its seoeral weeks after
primary infection 'Hepplebton 1949

When radiant energy of low ntois .;, it redudes the
incidence of T.B. Lurie 1944

U.V. of 2537 Angstroms ex,ýrised protective influenc
against natiwal air borne contagion.

Ozone, 37 C., 4 h. |No effect Rasome 1901
Use of saline solution in the Wel will_

not permit collection of ubercle bacil". in atmos
phere. Because of size, he baqilli fall out of
atmosphere rqp idly. When expelled from mouth they
are .enclosed in albuminous material which tends to
stick to whatever it cont cts. Sin 1939

INDOOR
DTust in air of rooms of tu- 1 of 50 G.P. inoc. with

berculous persons, R.T. dust died with T.B. Augustine 1929
Surface dust from rooms of

tuberculous families, R.T Foumd in dust six of
24 observations.

Dust from clothing of tuber-
culous families, R.T. 10 of 62 inoc. G.P. die

of T.B.
Washings jfrom childrens hanas,

R.T.- ` No results
Open pu)"lnary tuberculous

patient. Expulo;ed from reap. tra t by
10 out of 20 patients. Duguid 1946

0.5-0.1 Mg. cult./cc water Bacilli in bronchi 1-72
sprayed in G.P. vicinity h. Negative 14)I. h. Heymann 1908

Dust (3-14 d. Kirstein 1905
Sputum droplets 4-7 d. "
Hypochlorite k quatornary.

ammonium compounds. '.'Jnpk tuberculocidal
effect &Iarzm ann 19.51

More emphasis than usual sho ld be laid upon measures
to prevent contamination 40 air. Specific experi--|
mentation has proved that U.V. has mnrked favorable
effect. Long 1951



TABEE _/42 THE SURVIVAL 0;7 "MYCOB3ACTERIUM TUTBEnCULOSIS IN AIR

F ator(s) Survival Reference

INDOOR (COT'T)
The use of glycolI i-is vaporm is suggested for killin

tu )ercle bacill i iii closet spaces. Potter 1.944
Dust Long periods Pressman 1937
Aspiration of 1.l.1 en. ft. a r/rnin. not efficient for

air sampling for isolntiol of T.B. "
Sputum in d r shaft 45 d. Ransomr 1905
Dust of T.B. wards. Can withstand drying Rogers 1C,'20
Sputum of floor 2-21 moe. Sawizky 1891
Dust, room) hospital Ž home Long periods Thomas l91i

OUTDOOR 1
Dust, sunlight, (Iry 72 h. Caldwell 1925
Mixed with sberile dust,

direct sun rays 5 h. Sweany 1919
Inhslation of a few tubercle bacilli in the nuclei

of droplets coughed or sneezed Into atmosphere is
of greater consequence than from larger number of
orgmisms in coarse partidles which are strained
out in the upper resp. pudsage 9c ingested. Wells 1948

L



TABLE T•• T1E SURVIVAL OF PASTEURELLA SPECIES
IN THE AIR

Factor(s) Survival Reference

GENERAL
Dries rapidly Eskey 1938

P. tularense
Streams & grain in Russi Rats and mice are Maximow 1947vectors

Tularemia infection acqu red by inhalation of Ayres 1948
dust from threshing mills contaminated by infect.
ad rodents

L[



TABLE: A_ THE SURVIVAL OF PROTOZOA, NETAZOA, B3ACTh1RIO1HAGE
AND RICKEiTTSSIAE SPIECIES IN AIR.

Factor ( ) Survival Ruf orence

EXPERIMENTAL
Bac toriopIbge

Transmitted through air with droplots R dust in
ranneir entirely analog cs to transmission of
bacteria Colvin 1932

Colloids protect bactorioph:-ge against drying
both in vacuo or in air Kriss 1948

Rickettssiae spp.

D7yr Nine Nile, Henzer-
linc str.'4 saline susp.
yolk sac. .30 min. Ransom 1951

INDOOR
Rickettssise, typhus
Y~jbe trsnsmitted by air. Loffl or 19112

OUTDOOR
Entamooba histolyt icca

cysticAir ried Rcoxv. 0 Kuenen 1913

C. burnoti
AiF of goatery Known infection in herd

contarinates air con-
diderably. Lcnnette 1951

Af

I-:



TABLE A THE SURVIVAL OF SALMONELLA SPECIES
IN THE AIR.

Faetor(s) Survival Reference

EXPERIMENTAL
S. tvDhosaPaper slips in vapor of Recov. 0, 1 hr. DeOme 1944

35 gms. phenol/1000ocu.

Water spray Recov. 0, 27-30 hr. Kirstein 1900
Ozone, 4 . rs 60 seconds R naoime 1901
Ozone, 4 hrs, 22 C. No effect
Air 8-24 hrs. Wells 1936S. dysenteriae(Hias Y)Air 8-24 hrs. Wells 1936

S. Daratyp•hos-aAir b-24 hra. Walls 1936

S .Dull orum 1 4Inaireaing RH from 15-809 increases death DeOme 1944
rate. Given RH with in .reaso from 28-37 C
Death rate increased. rhe combined effect
of increased temp. & HE appears to be cu-
mulative, .

INDOORS.• Dul lorum
Air, .•,IH 15% 50% death, 27.5sec. DeOme 1944

Air. PS C R_- 46% 50% death, approx.
7 seconds.

"Air, 37 C, RH 42% 50% death, 5 see.
When dispersed from broth into dust-fi~ee

air its death rate was greatly decreased
indicating that certain materials dispers-
ed with bacteria may hales a marked protec-
tive ao'tionr

OUTDOOR
S. typhosL

Direct rays of sun 4-10 hrs. Osler 1901Senteriditis

open air, broth plate Recov. on 5 occa- He,-,lwtt 1905
sions.

'I



TABLE A /_ THE SURVIVML OF STAPFHYLOCOCCUUS SPLCIES IN AIR

S _actor(_s ) Survival Reference

EXPERIMENTAL
S. albus

0 /I. of propyloneglycol, R. TT. 41ý :
Immcd. afto-' spraying Control, 9750 col.,

1 cu. ft. text.
15 min. after spraying Control 9360, 1 cubic. t.
30 Tn n. " " 9260, I H

60 " it " 3220, " " Bigg 19144
Sprayed into air, R.H. 50% Lethal for organisms.
R.H. on either side of " Prolongs survival Dunkliri 19).
Sprayed in norosol. Safe ozone cone. (0.011. ,pm)

in R.TT. V,0-90% exorted 9isinfectant action h1ford .Y9)P2
Exposed to TI.V. 66 colonies 1 min., 2

I col. 3 min. Hart 19339
U.V. LIT I 926,200 nrgo/sq.cm. cuff -

dient to kill. all slis-
pondod hncto-iA presena
with exnosu:r- of 1.062 •cc. Sharp iK5

Suspended in air 23,300 (ý5.11) ergs/con
n3cesssry for steril.
aiV. Sharp, 194•0

S. aureus

Dried in iasal secretion i
in handkerchief'. L,,. # surv. > 1 no. Duguid i 48

"Suspended in air 26,500 (±5.7,-) crgs/cni 2

necessary for sterili-
i zing air. Sharp 1940

Sprayed into air 3 d. Wolls 1934
S. citreus

Exposed to U.V. 102 nol., 1 miim, 6 cul.
3 n:,l. Hart 1939

S. pyog•eies
Greater num'ers released .n (lust than by snoezng.50; Oeduction when wearing .iurgical gown. Duguid 19118

S. ap.

Killed rapidly at 70-90, *.TI. with sprayud HC1O.
Bactericidal effect reduced in otrnosphere of ex-
tremely low carbon di.oxi e contenit (0.001%) com-
pared with behavior in N1. Organisms in finely di' -
persed mixture lilled mofo rapidly thbn those in
heterorenouily sprayod pirticles. El.-ord 945

Woiinds crotis infcted 18 of P8 surginal woebnds. Ro.ontree 1947
INDOOR

S. albus
Air during Pý after clean- Feoned in air during lot

ing. 9c 2nd ho:!rs. Furthorer 1946
Dried on glass, 15-16 C.,

R.H. I 5_0%, Exp. to
Exposed to ozone for 5, P!o kilin• or TnhibitioG
• 6 ýý 9 hrs. of bacteria. Galli-valorio



TABLE' T I' SURV~IVAL OF1 STI\ITYLOPOCCUS SPEC I S 1Y~ AIRi

Factor(s) L Iiva Rafaronce

INDOOR ((COTlT.)

Air durinr,, a ftcr' aloan-. i.Pound in zdi during 1st~

Y cs t ol' jufoctions f r~oni nir co ntfmnao hph. Topor-or 19

atnýroomt prsonrol "P p) t.ient . lHort 1.()3

Floor dust 8cývt~rfll days. fLidwell 4
Surv lvrs buttor ý.t low thnn tit hir,,h R.H.

Air of operating room Survivod in U.V. lifhJt. Pho1. p r 1.939
S. spp.

R.H. 5-80, r':aximmaii' humidity effoot
botw(,W(nf t)O 4'Robe r lul 1 9,;!

OUTDO)0OR
S.a'rciuei
Con(,. ralcium cl-i oride, Lctnit prrowth wilth mnini-

R.T 1,11 1 nun humlity . KopJICoff 19-22



TABLE A THE SURVIVAL OF STREPTOCOCCUS SPECIES
IN THE AIR

Factor(s) Survival Reference

ALTITUDES. app.
Sprayed with 5 ml. of 95% killed; 5% recov. Andrews 1940

1% hypochlorite sol t n.
Oiled blanket, plates
exposed 5 min. during
and after beating 170 colonies

Unoiled blanket, plates
exposed 5 min. during
and after beating 1030 colonies " "

EXPERIMENTAL
S. pogenes(Group A)

Expose to daylight in
simulated room envirn. 252 min. Buchbinder 1942

Dark, simulated room
envirn. 65 hrs.

Sprayed in air, settle
on filter paper, day-
light. 6 hrs. Buchbinder 1941

S. pyogenes(Group B)
Exposed to daylight in 66 min. Buchbinder 1942

simulated room envirn.
D-rk., simulated room 132 hrs.
envirn.

Sheep blood agar, 18 hra, Remain viable in dust ouchbinder 1941
37C., dark room, suap'n of room at least 2
in air. wks.; some impairment

of virulence
Exposed to ultra-violet,

1 min, 98 colonies Hart 1939
3 min. 12 colonies

Air and triethylene gly-
col, C02, 70F., RH 40% 10-15 min. Wise 1949

Bactericidal effect of ir adiation of bete strep.
appeared to depend on bo h RE and the susp'n vied.
Organisms in films preps ed from serum broth cult
containing dust behaved ike those of dust and
were more resistant und r dry conditions. Org.
in films from extracts oi dust or from serum bro-
th culture were more sen itive under dry condit.

S. pyo2enes(Group C)
Sprayed into air, RH 50%, Rapidly lethal Dunklin 1948
Sprayed into air, RH a-
bovs or below 50% Increases survival "

Propylene glycol vapor
cone. 0.2mg/l, RH 42%,
1 cu. ft. immediately
after spraying, 4166 colonies Bigg 1944
15 min. after spraying 3120
30 min. after spraying 1760 "
60 min. "i 442

Sprayed in aerosol. Ozone in safely tolerated cong Elford 1942
(O.04ppm) in RH of 160-90% exerted a disinfectant
action.



TABLE /4/_•(CONT'D) THE SURVIVAL OF STREPTOCOCCUS SPECIES
IN THE AIR

Factor(s) Survival Reference

EXPERIMENTAL( cont'd)
S. pyogenes(Group C)

Infections mainly due to particles smaller than Sonkin 1951
l.8u in diameter. As bs teria median diameter
increases from 1-12u the aerosol dose had to be
inoreased'10,000 times to kill 50% of animals.
Pulmonary infection oce rred much more readily
than URI.S, pyogenes

Sprayed into air Rapidly killed in dry Wells 1942 1
atmos., but protected
in moist.

RH 40-70% Disinfection most app-
arent here. "

Sprayed into air Many float for many hrs.Buchbinder 1938
after all droplets
have evaporated.

Exposed to room environ. No evidence that proper.Buchbinder 1941
ty of any strains were
adversely affected

Oiling blankets, bed lin n, garments, and floors Cruickshank 1947
reduced bacteria and he olytic strept. of air
during bed making to 91-98% below control ward

S. viridana
Exposed to daylight in
simulated room environ. 44 min. Buchbinder 1942

Dark, simulated room
environ. 26 hris.

Sprayed in air, settled 50%, 5 min. Buchbinder 1941
on filter paper, sun-
light

In dark and sunlight Survivql ranged from "14=93A
Wounds 3 of 82 surgical wound Rountree 1947

S.-.alivarius
Sprayed in aerosol. Ozone in safely tolerated con Elford 1942

(O.04ppm.) in RH of 160-90% exerted a disinfect-
ant reaction.

3, z ooepidemicus
Atomization reducea chair length by 50%. Recov. o Shechmeaister
of viable organisms decreased with distance from 1950
atomizing nozzles when cone. c611 susp'n used
no. of mo. required to infect was larger by air-
borne route than by direct nasal route.

S. aDD.
70-90% RH, HCIO spray Killed rapidly Elford 1945
Irradiation classrooms 207 colonies Gilcreas 1950
Non-irradiation of class- 318 colonies

rooins
Strop. susp'n in air -ommin viable a t loast 2 wk Buchbinder 1941

in dust of room with sore impairment of virul-
en ce



TABLE 4..(CONTID) TME SURVIVAL OF STREPTOCOCCUS SPECIES
IN T1E AIR

Factor(s) Survival Refarence

INDOORS
S. pyogones

Blankets, ENT ward 14,400-7,344,000/cu. ft. Rountree 1946
of air

Use of oil, water, and Reduced no. in air 33- Shechmeaister
Roccal emulsion 63% 1947

Air 48 hra. Wells 1935
Dust 25 des. White 1936
Floor dust 67% of 185 samples Williams 1949
Air from patient with
cellulitis, PM. 3 recovered Willits 1941

AM. 40
while mnking bed 6
while making bed briskly 14

Room air, scarlet fever
ward, blood agar plates,
exposed to air 3 hrs.
AM. 334 colonies Allison 1937
Afternoon 22ý colonies
PM. 19 colonies

Air in infant ward Total counts for air in Brooks 1942
UV wards consistently
lower then control ward

Air in scarlet fever ward Absent at night, rise in Brown 1937
AM, slowly falls in PM

Found in congregation in Buchbinder 1938
cities
uisat Several weeks Cruickshank

1938
Oiled beds 26 of 307 cult. positive Dingle 1946
Unoiled beds 160 of 441 ", positive
Droplets from cough 39 of 87 pts. were th- Duguid 1946

roat carriers
Hospital dust, air settl-

ed on filter paper in
Petri dish, dark 65 hrs. Garrod 1944

sunlight 4 bra.
Hospital floor dumt, R.T.
dark 195 dam.
diffuse sunlight Bactericidal "

Air in dormitory 0.22 inf. particles/cu. I-Green 1945
Air in movie 0.33 inf.perticles/cu ft
Air in school room 0.63 " "
Air in recreation room 0.38 "
Infections appreciable on ly when preamiaes occupied

Diminished to low level very quickly after vaca- " "
tion.

Information relative to o curence in air of hoap. Hamburger 1941.
Nasal carriers desperse' P-100 times an many strep Robertson 1947
as do throat carriers al no.

Some influence of humidit on death rote es in Robertson 1948
pneumococci(l0), but offlct less pronounced



TABLEdLL (CONT' D) TBE SURVIVAL OF' STREPTOCOCCUS SPECIES
IN THE AIR

Factor(s) Survival Reference

INDOORS( cent' d)
S. Dvoaenes

Talking ......----- - Robertson 1948

Relative dry air, saliva Highly susceptible af-
suspended, triethylene ter 5 hrs. desiccation Robertson 1951
glycol vapor

Air, low RH, saliva,
suspended in air, tri-
ethylene glycol vapor Slower rate of kill

after desiccating 20 h
Droplets from coughing Practically none expoll.Robertson 1948

ad.
Blankets >4 mos. 11obertson 1947
Floor dust Several das. Lidwell 1950
Army barracks, air. Contiminption high in spring

, low in 0inter and summer. Bedding of persons Loosli 1948
with positive culture a owed higher count, High-
eat counts obtained dur ng max. activity.

Air and dust in hospital From w ar wound infect- Miles 1940
wards ions

Air in barracks during 40/10 cu. ft. of air Miller 1948
heavy activity

Aiw in barrc1ks during 2/10 cu. ft. of pir
moderate activity

On floor, petri dish,
dark 20% &live, 14 das. Phelps 1939
diffuse light (1% alive, (7 das

Sprayed culture Practically all settled
in 48 hrs.

Air, single noseblow by Millions recovered Hamburger 1946
carriers,

Air, coughing by carr- Relatively few rocov.
iears

Sneezing by carriers Very few recovered.
Triethylene glycol, RH M8.6-54% reduction Hamburger 1945
40-50C, bed making

Air, hospital wyards, gly Diminution of bacteria I1amburger 19)45
col vapor of 32-75% during per-

iods of glycolization
Air after shaking cloth Persisted over 15 min. Duguid 1948

S. Ryogofnes(Group C)
Ultra violet In low corc. of Pir, IPenle 1942

UV markedly reduced
bacteria

Freshly atomized Not killed as fast as Robortson 1951
those in low humidity.
floating for 5 hrs.

RH 15-20%, floating in Killed twice as fast as
in air for 5 hrs. those exposed after

atmmization



TABLE L (CONT'D) TIM SURVIVAL OF STREPTOCOCCUS SPECIES
IN THE AIR

Factor(s) Survival Reference

INDOORS( cont'd)
S. vy ogenes (Group A)

Bedding and floor dust 4 das Lemon 1944
Air 378/ cu. ft.
Air, droplet nuclei ex- 50%, 20 min. obertson 1948
pelled by sneezing

Vapors of lactic acid, Gave good kills of org Lovelock 1944
mandelic acid & trueth- in sprayed saliva
anolamine, RH 70%, 15-
21 C.

Air, dust, R.T.. 2 wks. Phelps 1941
Dust Long periods Pressman 1937
Blankets and air Many months Robertson 1944
Glycol vapor Caused 70% reduction

in bacteria
Room, floor & blankets
treated with trietbylene 90% reduction
glycol

Survive better at low then st high RI1. Lidwell 1950
Dust, oiled linens and Survivs 19 wka. 9?.3% Bigg 1947
floors reduction during bed

making. 79.1% reduct.
during sweeping.

Ist hour after cleaning Found in air; not Furtherer 1946
found after 2 hrs.

Air drying Many mos. Ernst 1900
OUTDOORS

S. tyogenes
Air after shaking clothes Persisted over 15 min. Duguid 1948

S. R-D.
Air, drying Many mos. Ernst 1900



TABLE /j U THE SURVIVAL OF VIRUSES IN AIR

Factor(s) Survival. Ruference

ALTITUDE
Numerous viruses are carried along with dust into

the atmosphere, many of which are not killed
blht or heat. _ _ _ _ _ 1927

Influenza
Vapors of lactic acid Sterilized nebulized

allantoic fluid infused
with influenza Catalano 1948

Moisture, stagnating molst air, ammonia, Rc other
alkaline substances in the air increa.e inci-
dence of grippe. Presence of acid substances
in the air anid dry cleer weather counter-:rct
grippe epidemics. Cauer 1949

Dust, drying Inoc. 1 X 104 after dr'.
Recov. 0, 3 wks. Edwards 1941

Air of exporlrient:ol tanb 1 h. " 1943
Aerosol over wator- (PR9) Recauction in I.nfectivi-

ty 90%t 30 rinm; 99%, 1
160%, 3 h.

Influenza ' irus disporse d in air ir• killed more
quickly i!, hm-id than dry sir. Exposure to
bright daylight increas s the rate at which

sprayed organisms die ol• in air,
f 56-57C. for 30-45 min. Necossary for inactivat. Hirst 1943

Atomized suspension, R.11
50 Death of 22.5% exposed

mice Lester 1948
Atomized suspension, R.R

30-80% Death of 100% expo.ýed
mice. it

Atomized, dialysed susp.
R.TT. 5o% Death of all If mice. "

27-29 C., R.H. 80-c01 Infectivity time 1 h. Loosli 19:3
it -" 6 h.
"T 17-24% 21 ) h.

Dust dried in floor
sweepings. IPR8) 22 h.

Vaccinia
Chorio-allantoic r.(mb.

hiiick, sprayed in air 8 hrs. More susceptible
to room environ, than
strep. Buchb inder

1941
Virus retained virulence in all gases for 3 wks.

when kept at 4 C. 9oc e avirulent at 37 C.
Pure oxygen or carbon dioxide gss destroyed
virus at 18 0. Noguchi 1918

Suspeptibility of virus bo irradiation is of same
order as bacteria Rivers 1928

INDOOR
Influenza,

Sterile blaket Survlv',s drying Krueger 1942



TA13LE 4 /R TFE SURVIVAL or.' VIRUSES IN AIR

Faotor(s) Survival fe :relic a

INDOOR, CONT.
Influenza

MtTs-57ed Into air (A) Killed riore swif tly I-
humild than in dry air'. Looali 1943

Dust rLon'ý 1pariods Pulvertaft 14

TFice exposed1 20 iiru.IPRr.) liecov. in 0 rnit-G 20 ;:i.Robertson
19112

Air Infected riice af'ter 3 hi. Robertson '9'193
Dust 0% o. Survived for datys W

Air, R.H. $ý9-0, 1c
triethiylene_!1-lycol vr .( .14~

Air, R.TT. 25-30',',, lcc.-
triethylene -lycol vsap r. 36 )1.

Air, dry, rifter shaking,
canvas floor coverinfg 6 d.

Air N4alky diuys.
Lab. nonditions, 1 cc.
vsporized triothijlunb
glycol. glyltilH14

of' ti-t'1hylenue [glyCOI Killed *m 2-3 1 Iin.
Saturation I4O-i00/%a

R.T.,, R-11- 1'>4j.OýV 0 9 4 ' 0"ýE i sd Pli~ce connl RE01V
2atur~t ion of glycol j~m~tucted agsinst loth,,
70-90;'o concentration of virus.

Salt fre'ce virus stomnizud iuito an &tmosphnrou f
R.H. 10%. All w~ice cii d ind.icating that lethal
uffec of O% humidncity iad boon aboliihced by
removal of Salt. flohertson 1948

Air, q rciyed wi~th glcc'1 )1-.-6O nin. It1943
Dispersed into air, R.11.

20r'-30%, M4ice oxposed. 22 iodt R Hi 45-60-"
Domth ri-to i.1c. to ý)'ý
R.II. wbhýn all *'Lee diee.Robortson 1948

Type A. The %* recovery of' the v~jirs aerosol wss
indopendcrct of In itial ,',riauritra tiun of atom izec.
masp nsion. Tigh ooruaol roco vory obttxined In
axý,rer'e ranf-es of' im6l' 1.-.; ninimum recovery
60,,2 R.H. The riean dia otex' of influeuiza viruu
aerosol we.: <0.5 1r'icra. Charactorized by -*reator
infectivity when introduced by air horxm nothod&
rathwo than Intra-nasal routes. Shocki-Oois ter

1 950
R.H '0 32"-P$ (A) Hirghj uorosol rocovary

it 60~Mi mri1 ~
OUTTDOOR

Foot & mouth
No1nýT ' atrwosphoric. cond. I wk. 190-~ /)8
Relat ed reý on id olovgical. y to distribution in
duest . oat'VQrtrl!'; 194.3



TABLE Jj THE SURVIVAL OF VIRUSES IN AIR

Factor(s) Survival Reforernce

OUTDOOR, CONT.
Infectious jaundice

Dust borne dried excrete carries caisative organ-
isms. Less common in towls than rural districts. Andorson 1947

Influenza
Mucin in air (Type. A) Recov 0, 1§) h. Parke' l9vj
Air current Recov. 2, 12 h. "

Dried with talc in dir. 0, 22 d. "

R.H. 80-90%, Icc. glycol
vapor < 24 h. Post 1945

Dry 36 h. "

Smallpox
Epidemic in India
H•midity rise Lower incidence of

disease
Low absolute huridity f vors disease. Rogers 1923
R.TT. low absolute Seasonal rises Ln inci-

dance "_19_I.8
G-I'ERAL

Air borne viruses killed As easily as Strep.
salivarius by Halo mista. Edwards 1943

Animal viruses have sonsitivity similar to bacteria
at wave length of 2537 • Hollaender 1943

Mieans of obtaining, infect ons in lab: 1) ýq use of
Wring b)lendor P.) 0pni -- sealed glass arn-'oule.
3) I1h~lation of infoct ou3 matrial 0) InaeqUat.ý
disposal of o., ' ýtarninatef material. 5) 11nawaquate|

handling of autopsy mat' rial I Smadel 1951



TABLE ;THL SURVIVAL OF YEASTS, 1,OLDS 'c FUNGI IN AIR

Factor(s) Survival Reference

ALTITUDE
Alternaria

Air Found up to 16,000 ft. Stakman 1923
Black stem rust spores

Viable ip to 10t,0o ft. in the air. Cotter 1931.
Cronertium ribicula

Air Found 110 miles beyond
limit of pines Pennington

1925
Aeciospores in air !"arried 300-4.00 miles

in Pacific coast regior'.Lachr¶'und 19'1
Funjvi imeprfecti

Air Found at 36,000 ft. Rogers 1936
Gyrnlos po rangilmnAir Viable basidiosporos

Cound up to 2,000 ft.
Good ; vla'.,Io sov. d. MacLachlan

19 ý5
Mol ds

-o-und above 1',600 ft. in tho air Proctor I ',
Pestalazzia

Air Vial&, slj;toes at 13,000
ft. ovur Washington, 1) C. M'eler 1933

Phaeocry topus gauxanw.
Spores :3lown across North Sea

from England to Deniarl.!Iuchwald 1939
Puccinia g~reilinis

Spores Blown from south into
Dakota & Yfnn. in 2 d. Lanbert 19'29

Spores collected at 10,C00 ': 16,500 ft. in
Southern U.S. in spr n, . Proctor 1942

Tritici carridd 50-250 Eilrnetaios ovor sua
without loi.ing vihboilitj. -Dou-sakov 1926

Air, blown fror South tc Dakoi•s & AMinn. in 2 d. Stak1an 1934
Ragweed pollen

Air during flights. (Greatust conc. pollen at
3509) ft. Heise 1948

Rust
'Spores From height of 5,000 ft.

in 30 1ýi. wind may travel
up to 1,200 mi. Proctor 1942

Spores 3 mi. high Stakman 1923
Sclerosnora nhail;psi

Air .Viable spores travelled
8-80 ft. WVJs ton 1923

Uredeospores
Found vi'-blo up to 5,000 ft. it 1lorway House,

Manitoba which was a.4. umed that Lhey hod boen
carried horizontally for at ]wast 200 1,1. Bailey 1(120.

Of loeaf A- stn,, rust. Found up to 10,,)00 Ft. I Sttal•,an 1,23
G-noral

The influence or' winds Anoft on the concontratioi
of sol Ld particles is o r:tnor iriportance comn-
pared to l:3pse rote. 1Teisa 1949
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SU124ARY OF ABIREVIATIONS USED IN TABLES

elk. likaline
avg• avorasg
C. Dogroas centigrade
Col. Colonies
cone. conc ntration
cont'd, cornte continued
at. colunt
cult, culture
de, ds,, das. day or days
Dessic. Desiccate
dill, dilution
F. Degrees fahrenhait
fl. fluid*
G.P, Guinea piA
gal. Gelatin
heI hrs. hour or hours
inc. increaso
Inoo., Innoc. Inoculate
irrad. irradiated
L9. Large
max, maximum
med. me di Um
met. me thyl
min. minute or irnutes
moB, months
mul t. multiplied
org . oi'gani sm
path. pethogonlc
physiol. physiological
ppm. parts per million
ppt. precipitate
R.H. Relative humidity
R.T. Room temperature
Recov. Recovered
rofrig. refrigoration

oeo. second
senait, sonsi tiz ation
soln., sol'n solution
app. mpenies
str. strain
ausp., auspIn Pispension
T.B., tb tuberculosis
temp. tesperature
U.V., U.v,, UV Ultra violet
wks. weeksX -time s
Yr., yrs. yerr or yebrs

greater than
< less than
A' p,•mnt; plus
0 none
- minus
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TABLE B._•/.TiE SURVIVAL OF BACILLUS ANTHRACIS IN THE BODY (AND
BODY MATERIALS)

P Factor(s) Survival Reference

BLOOD
Blood, R.T.. moist spores 60-90 d. Mi.nett 1950"" dry it if
G.P. blood, 25-30 C., opened

before decomposition 1-9 mos. Stein 1947
G.P. Rlood stored 3-In 0. 35-159 d.

G.P. feces Spores in 7 of 19 Stein 1947
SKIN y

1001 inhibited rwtrial huran skin Hill 1933

Ukine of G.P. Vegetative forms in 19
of 28 cases Stein 1947

TISSUE, GENERAL
Muscle, G.P., 25-30 C., Ope -

ed befcre decomposition 6-7 mos. Stein 1947
Liver & bone marrow, G.P,

25-30 C., opened before de-
composition 6 mos.

Spleen, opened before de-
comosition, R.T. 3 moe. "

Stored 5-10 C. 14/-24 d.
Continuous freezing, spleen

-60 to -70 C., G.P. Destroyed in 90 d. "
Carcass of unopened G.P.,

25-30 C. Few alive in 72-80 h.-
Carcass of unopene4 G.P.,

5-10 C. 4 wle
Carcass of unopened G.P.,

R.T. 9 nose



TABLE B3' THE SURVIVAL OF BORRELIA, LEPTOSPIRA, SPIRILLUM AND
TREPONEMA SPECIES IN THE BODY. (AND BODY MATERIALS)

* Factor(s) Survival Reference

BLOOD
B. recurrentis

Defibrinated, refrigeratec
sheeps blood 195 d. Beck li37

Infected blood, Inoo. Intc
physiol. saline with
boiled egg white Still viable 3-4 wks. Krantz 1925
At ice box temp. 4 d.

Rat blood, -48 C- Remained infective for
mice 27 mos. Lofgren 1945

Iced blood 1 wk. Toyoda 1931.
Rfat blood, -12 to -20 C. Infectivity maukedly re-

duced, 6 wka. Turner 1939"it to )-78 C., Cooling 2-6 h. "

-78 C. tk 0 C'. 2-6 H. it

Clotted blood, R.T. 6 d. Wynns 1935
0 0. 1 OOd.o

L. icterohenorrhagica
Blood, defibrinated, R.T. Still infective 7 d. Uhlenhuth 1916
light of day, 45 C. " " 15 min. "

So minusFrozen 1 yrs. Turner 1939

S. ru.ruin
"Sterile rabbit blood susp at least 5 yrs. Froblaher 1947

T. pallidum
Citrated-blood & plasma Occasionally at 48 & 72
stored at 5 C. hrs. Not after 72 hrs. Bock .1941-

Human blood & plasma, 5 C. 72 h. , olmer 1942
Serum exudate from chancr ,

R.T. 121 d. Lacy 1921
10% rabbit serum, -20 C. 2 mos. McLeod 1949
Frozen plasma, -73 C. 3 yrs. Ravitch 1942
Blood, ice box. 96 h. non-infectious Ravitch 1949
Plasma, -20 C. > 4 h., non-""
Rabbit plasma, 5 C. 6 d. Selbie 1943
Blood of G.P. , 14 C. 2-33 d. Sergent 1938

" " 20 C. 33-60 d. If
" "t 0 C. 7-8 wks. it

""0 C. 1d. "f
Citrated whole blood, 5 C 72 h. Turner 1941
Plasma, 5 C. 62 h. "
Human serum, physiol. sel ne
under vaseline, R.T. 5 d. Zurhelle 1927

In organ parts, R.T. 3 d., 17 hrs. It
FECES

Borrelia spp.
Feces 4 wks. Gowen 1945

L. icterohenorrhagica
Feces 24 h. Noguch i :918
Urine, Body iemr... wks. or mos. Sawers 1938

L. ioteuAPnorrhagica
R.T. Still infectious 2 d. Uhlenhuth 1916



TABLE TIE 'nSURnVIVAL OFF'ORRE.1,A IETS]RA, SPIRILLUY ANTD

P.fictor~~ Survival Reference

TISSTIES., 0, 1 T',1~ I,-i!L
Bo du~ttistro. 7 0., 1i mc. Uag 13

Frozon nalblt t os t s 78C 1 yr., Turner 21939

infetd'.Plvei'to ill Irc- 26 d. Buchanan 1927
;Vho " pig i~ivor ''1 ooks'.

"2 feon'abia virulent 100 d,. Stravitsky 1 C45
Whole pigý liver blocks, t

1'o l -I I -fd 0
I0ro,'&n rablit- toest,;S, 78C- 10 mons. Turner 1939

Dcipoigliver, RT . 27 hx's. Uhienhuth 1916
].nf,ý.c.ted liver, 1?T.1, 3 d if

Inf ec ted G. P., livor, i r, 2;') d. Wit

Droemad pautpslissue 5 C, 3-5 dnys after death Armuzzi 1926
Rabbit testisy heaovy sus!- 72 firs,, Block 1941

3 5 C0.., mixed w thes,-tis 6h3
Testicul~ri' n vitro x-tr'act,

39 C. 5 r. ok13

41~ C- I ý hr's AW
415C 1 hr.,r ~Dosd bodios otf cong. acyphjl

li-.c chvildran~, rrir. 21.j -36 h, Hof fmran 1926
flaobit testes dried in

vaCUO from _L'oz.;fl stfito nil. llaipp 1(51
Corpse of ooflg* 6yphiil it;1
ch ild 5 d, Koch 1911

Corpse ofWIW
child~, dried(9 Jineu -17c. Recov., 0 72 hrs. Kratzeisen 1923
Liver ýI steri-lizodl -ali.. Rec~o'. 0 72
Liver with houiiloh. Ii

Liver w.1t h C>1W II

Liver wit.1 I II

Huinan autopsy mr- ~it.t},~u
Ice box II.R h rs .Lacy 1921

Chancre / di..W
Saline susp., rW'blt tes-
ticle,, ILT. 59 d1.

Rabbit testiclei. ice b)ox.. 13 ýj (I.
Rabbit testes, 5 Co Rnco'., in 3 d. Levaditi 1914.6

Autopsy matl;.. from yjh-
l-itiG Potlerits, 5 C., Roc~ov.. inl 3 d, I

Siisn. v&.'bit Lestes, --.79 d. i M ~cLeod 1ý-91.
tissue sum.T)., 37 C- M1.h.TIN-= 1930
Syphilitic P]nu.,., TO C., 3 h, Neisser 1911

it If ic h s ).h.It
I? I V.3 C,30 a.

Tissue susp.. 0 C, 2 h.. Mi~yao 1930
Autopsy miitl1.in 1upe hoý j7 (I Rosahn 1935
Rabbit testes 10 di. Porry '1948



TABLE -LfLr'1iI'- 91ffi\11VALrO ' k0II~F,TIx, U'hPT0SPý11A, SPIRILLTJI AND
TRJA'ONHEMA SPEcK1E'3 [N THE, 130DY '(CONST). (AND BODY MATERIALS)

Factolk¶3) Ztui'vival Reference

T ISSUES, " TINWl.RAT-, CON Tf. -

Treponemra Lny~ici.1idrvi
Fro vm e:ia~~ .3 moo.it~~ .~9
Tosticulnrn extT'arts, -10 Cl k 2 mo~n Turncux 1938

-20 C.1
It If -0I

79C 1 yr.
Testfos of' rabbit;. -79 0C. 3 y ra Turner '939
Excloaed ,hnncro, 11T

Dr-led in vacuum 68 hr'ri. to 4~ d. Zurhelle 1927

37 Ct.Is S 9ip. Miyao 13

ToQý,i.cular uxtract;s, -.78 . yrý Turnier 1938
Tttstes of rabbits, .7A C. 3 o,,3 Turner 1939



TABLE THE SURVIVAL OF BRUCELLA SPECIiLS IN THE BODY (AND
BWOY MATERIALS)

4 Fac to •'() Survival Reference

BLOOD
B. abortus

Steril- raý)blt blood susp At least 5 yrs. Frobisher 1947
B. bronehseIp[ia

, terile r abbit-blood susp 9 yrs, "
nroth culture. 0 C, 43 d. Hampil 1932

B3,, me.[ir~nsl•s
Sterile rabbit blood susp, 3 mos. Frobisher -1947
Normal skin of (i-P, miore vulnerahle to 13. melitensl
entry than digesti,.e tradt. Hardy 152 9

Citrated 1,C0 from con-
valescing .pat'ent.. 6 mos. Spink 1950

B,, suis
Sterile rabbit blood susp 3 mos. Fro blsher. t)947

FECES
B' o bortus

Isolated from patient's Surviving in 16th month
stool in 101 CO,, aerobi - of infection. Amoss 1929
ally and a aaerohically.

R 1 melitensis
Dry, sterile manured soil 72 d, Horrocks 1906
moist, sterile f " 7 da "

"i" unsterile " i 20 d,
.B suis
Feces, ster'le, dark. 100 d, Anonymous 1933

"""" 00 (1 Cameron 1933

SKIN
13. melitens is

34V inhibiteed on normnal
human skin Hill 1933

URINE
B, me! It ens!l.

1aP b-h-- g .Io'16 d. Bang 1,9j94
Urine cntarn. with dust. 30 d.. Chief 1Ii44

TISSUES, -ENERAL

B., abor'turi
Uterus of cow, PoP. 9 mosg 1897
Uterine exudate " ros. to

Hog, lymph nodes, Found in pncking house McCullough 1949
Dogs fed aborted fetus,

placenta Pr lymph nodes. Virul,,Int 151 d. Morse 1951
B. melitensis

Uterus, ]oP. 6 d., Bang 1897
Colon at autopsy More prevalent in cold

wet season than dry & hct. Eyre 1908
RB. suis

3-7 T90 C,, In vivo Did not persist for rro-
Slongod periods. Braun 1.951SHog tissue, -1()FP Still viable, 30 d. IHuddleson 1933

Spleen Recov. small 1j. 40 d. it
Swine tissue, 9  10 F, Teocov. good 4o d.
Spleen, 40 F, 45 d,"



TABI~ LE, TUIE SITRVIVAL OF CLU'Ti: ll DIH, CORYNE-BACTERIUJ14 HEMOPHILUS,
~ LCTBAIJTTS, MALI1EOMYC . ?, MI (CIWOACTER IUN, PRTU PSEUDONONAS,,

SERq~API~A & RSTETTQXIN URTT P0DY,-4-MWD-_QDY1-4ATER A1L8-)---- -

F~ s r. Fto r (3) -urvi val Roferences

BLOOD
Clostrid! t~, ietzIii

Free sjoros frorn suinwims
'dy.Inv of tetanus,, Inj(ect,
S ub eit o n oo i s IY Recov, up to 17th d. CanI'ora 1907
May i-2i1inifl dornnnt at sit(- of' injection for as
longy as )I mos. Francis 1.914

Corlyn cm'nctoerium p.,eudo tube r
c'.1lo8is (fre~sz-11ocard)
Iloioisetanfl in f sk ixýL 11os. Urbain 1930

Waied rIed in darn13ight t
(seum 121 itAel9

teile ratbit bod.is ldeso tan

siirvived 13 yr's. Frobisher 1947
Hemophilus inflaen,,aa

Sterile rabbit bl~ood1 wisp, 6 wics. or less Frobisher 1947
:r3lood broth, -.15 C. hrs a~pl 1932

-.20 C. 1~ brB.
Hemophl~ius pertussis

*Sterile rabbit blood susp, 6 wics. or less Frobisher 1947
Lac tobac illusRidpi~1 2 us

Sterile raýbbit- blood s9usp, At 1nast 5 yrs. Frobisher 1947

Sterilerabbit YIocd foisp ý5 Yrs.
Proteus spp.

Sterile rabbit bio~d Pnsus 3-9 Yr's0
Pseudomonas slp..

Sterile rabbit bloodPS1 s 5sp y 'r:-.
V VECES

Cl. botulint,
Pecos No survival Burke 1919

No survival in human &
animal f o~llc ing in-
'V 0s tio0n Easton 19ý24

C1. tetani
Dog feces :16 d. SorD~ani 1891

yMalleomyse.9ps rie I Id~: e I
26-27 C., nillturfo 1 27 d, Pletcher 1928
1L/ phenol , 3 7 *24hH

1%_formalin., )10 C. I 2 ii
SKIN1

Proteus species survix.oci -kn hno
filttr pa per 1.9lt 1W4

1.6% inhith.Ittd on normal 4kin Hill 1933
Pr;eudoflonra' neruglnosa I-1 4Survived lonrei' on skin t1Jnn ori filter paper Hellat 14

14,4% 1.r1hi1,1it,.1 on' nornuil ~kin Hill 1933



TABE RI) ';'TTE SURVIVAL OF CLOSTRITDItM, CORYNEBACTERIUM, HT!NIHILUS,
LA-T ~ .. S, MATLnOMYCES,, MI xCTEROITUM, PROTEUS, PSEUDOMONAS,
SERRATIA 1,RYSIPErOTfTRIX IN 'TTTE BODY (AND BODY MATERIALS)

0 Factor(o) Survival Reference

SKIN (CONT.)
Serratia maroescens

Skin or arm, culto dili
1:1,000, dry Inoco 718, Recov. 94

after 5 min. Arnold 1934
Skin, cult, dil. 1:1,000 Inono 696, Reeov. 151
mo11t aftor 5 mrin. "

Skin of back, not washed Inoc. 1,000, Recov. 1
after 30 min. Arnold 1930

Skin, body temp., dirty o0
fItty. Recovo 0, 30 min. "

Skin, 37 C., before dryinp Inoc. 34,000, Recov. 0
in 15 min. Bryan 1933

Skin, 37 C., after drying Inoc. 51,000, Recov. 0
in 10 min.

Sterile rabbit blood susp. At least 5 yrs. Probisher 1947
Survived longer on skin t 8fn on filter pmer Hellat 1948
16.1% inhibited on normnl skin Hill 1933
Palmar surface, clean hand inoc. 1,200, Recov. 0

after 2 mmin. Norton 1932
Washed hide Inoc. 520, Recov 0.,

after 20 min.
Palms of hands. Inoc. 1,200, Reeov. 112

after 1 min.
Kept moist by water vapor Inoo. 920, Recov. 1,000

I after 30 -min Ncr ton 1931
Dry surface of skin Inoco 770, Reuovo 900,

after 70 min.
Skin of forearm O-O minen"
Skin, moist with water Inoc. 310, Recov. 150,
vapor. 30 min.

Unwashed tanned hide, dryl Inoc. 3,000, Survive
1 4 hrso 15 mLn. .

Washed tanned hide, dry. inoc. 2,440, Survive
1 h. 20 min.

Dirty or fatty skin Several hrs. Sinqer 1929
URINE

Malleomyces psoudonmillei
26-27 O.A cultuve 16 d. Fletcher 1928

TISSUES, GENERAL
Clostridlum botuli•,mn

Intestinal tract, •2 K. 4 fos. Burke 1919
CI. sporopenes

War wounds.. 5 yrs. Anonymous 1923
C1. tertiu. |

War wo Imls, 5 yrs. "
Cl. tetaniLiver, spleen, hone marrot,

lungs, lymph gllirds. Freq Recov. up to 55 d. Canfora 1907
spores from dying anina o 3,i

Kidney, spleen loundat site of inocu-
nfter 26 hrs. Koser 1917



TABLE F. ' sim 11v-tvn miO '',O'R DJ1 O~RYNEBACTERIThI, ILF-0Oi1iiLUS,
LACO A .1TI ~ ,~' L f~oMr 12 ?'U, AOTIT 13fIM P '3fIPETTS# I'SUDOMOP1AS9

--R T A ~ PIYT?[X 2'0Y.ANLtY6DY MATERIALS) ____

~i 4 F½c to I ('t ~ria Reference

H~ors itol- tueL4 rU Noble 1915
F'resh G (. P. f cci1 l
Remain viinblc at s itof

1, '10(-11.-at i on 6 vls Semple 1911
Rvwovro ~:~Pd t r.()m 1liver' q) 1 001
k id i (v ,11n'- *ý' honie may'r'ci

flJ~l~wI rij (!cut IjC t' 1, l3 to niosý Tarozzi. 1906
Corjynr ~ituhmrl;DhtIwri Vinn n os acrgr19

T~'.. 'rin ioci 91 ---- ' w k C Abel 1393

Th"r'o t otf hoy rofte at-k6msMageor19

Dri ed, dak1oH~l I
Sunl ight 10 1'? 0.
Sol. ted or pivnklod tflo:-t 3 mo ?~s
rarevsi z of buirie-d ai-iimal- r i, , Lst ~

l h-~20U C. 1- He t tclie 1.Q
So rr ati Aiia i- nerFo~ n ns

Muh 016 1) TVe age 2



TAB3LE TMlf SITPVIViO, OP DIPLOCOCCUS

_____(AND HO)D• MIATERIALS)

4 t.__ ,w (aurvival Ref erence

R..,nef,,lo tubk'.'ý Clrk JArkharow 1892
iruh ')81.v11, or 0.1-3/ nall Voiry h1'gh mortpllty Dunklin 1948

Type I
Bruth.'qaliva. Or , .981. Lonig por'iods

A~n su,,pvn,, R.{., above or
bezow 5O%, 'lyp6 I

Iri C'z 1in*to P;.p.' .37C. 65 i., i rs. Emmerich 1.69)4
S~ii~ivabbit olood suspln 5 oi h1 strains--5yrs. Frobischer 1947

11 0;roinsq 9 yrs.
F-', iat defibr-1nnibtd biood r Pio0,5. Gilbert 1896
Rahbi t blood driaid Z10F 5  IT' In . Stillmani 1940
glass & gazm~e, ligilt

:1dork, Type lI(smootth)
4:)F.,, in ioe bo)x.. diark,, mo rn
glass & gauze, Typo Il

8 OF. 61! 1f~igt. 1 uio,
drleO, 'rp driol

80 F0 ,, . n ginss, dark, roI Tý'#
TvPo I

40 F. in ic-,box dlark, Typo~ I
gla s's .s mo~q

gauza M (",.I
8POP daylight,, gJ. n ~ & glll- 53 )-lo-

80OF. da~l-9 -glniss, Typvi 111 7 no 0 s .
SOP. dairk,, gaaz6. Tyvpo, III o sI~o
40?'.,, mark, Ic>3box w~l 13 rno'-% I

SPUTUM
k! 1 ý1 .;. 897

'37C,, driod L~noGuarniari 1888
Dried in test. t~ubw, d10 WIC Stillman 1940

diffusQ cayjgirh., Tvt~pol.1tI
Dried, ice box,, 4W". rk 40 , Yk3
Dried, Type 1 4 -k' f 8

Dried iputinn, (I nr k, 35 d Py-! Woodt 19o5

() C~,J dark 35 doys
MI~os sputtum, 2,)('. ii~rong '., d ay.5 9

~. I ght
Dried;, sunlight .'4~j h i'b.
Powderod,, dark b~ 1H
Powde~red,, eunlligl- I-Al..
Sproayd 24 hvý

__ ~Moist sputum1I/
U ~~Drled, dnr~k dy i

diffuse 1jjh ~ _ 305 dPiY6 8
GNER AL _

3<'-.35, C. Abdoif~31o1i clivity 4-5 fiinyi Foa 1888



TABLE TIHE SURVIVAL OF' fW.RICHIA COLI, AEROBACTER AND PARA-
CULOBACTRUM iT Tf P[ý BODY (AND BODY MATERIALS)

4 FL tor( l Survival Reference

BLOOD
Noniu] ro h). c qorumn, dryi.ng Doat.n rat1o logarithmic Chick 1912

so thnG it, is proport-
fon-,! Lo conc. of sur-
vivingA bpcterii.

M.U. r,idtid tO 1Or'mnl rnb[it Living bnot, remain "
q' roCe s il t I ono'ry .

FEC i.]
Coo,r f ;3 ti. Cohn 1950
Fl. :At";oL, RoT., ,iqrk (Ih ei y' Dold 1944
Stool. dr1od on i lter pa- >h15 dnyV

pt~r, RT, , t1aric IWatery stool, R.T. d -113 ddas a
Thin ,titeery stool driod on

filter paper >143 d nys
Fluid stool, R.T., dark .
Fl. stooIl dried on filro p

paporl' R.To, 9 -)ork l bc-,v, pure cult. >8 MoB
Fl. ;stool,, R 0 T. dark m5 rnot, 16 days
Stool,( dr-lod nn fi ltor pa- o ro• Pi days
par , dark., J?.,?i

YF. stool In dark, H.aT. >3 mrs , 19 days " "
Dried stool in derk, R.To 7L days,4 Fl0 stool in dar'ic, HoT. 1
Dried stool In (lark, RoT. J idno
Fl. stool, dar'k.. HioT. d a Yi
Dried stool, d .ir-< lHtlT. > .1. days "

Fecal spn20 Gi 6u vclik Jordan 1926
i d C'd. 0 daysi.0 C° 2 . 'k•

• C. i ABC. wet, ka
R3. T" MOB y .

• o-ed to open r,-1 .

Fecal e0mulsion diluteC,
diffuse sunlight d day s. Me Naught Idys
Inside window il dF 1yas
test tube, dLrum t qnniifi~j1. 9 hrA,1

Faces, salinn suspln.d37 C.1 t3 rues Parr 1931
Faces, saline sunp'n.oieo-. d dya

box t,-rop o

on c taes, 37 C. ;yr. ' a os.Faces 40 Co ý;

Feces, - 1. C. 3) It.. "I"
Feoeas• 9 ce-bobx Lý;emp . diiys

SFaces, tiinl'r& 61 F., /{•ol',, 3.-10 In 4 wks. Savage 1917

inoc~r.t3 , oq.5;'2 Fo,
Fo'cus, ou Lb;.Lmp' [býAzzard

5Ans. ih•OOO/gin.; IHo c uvo ru ý none, 16 dnq, Tonney 1931
S '8 ~~on atiirmp, sprilng, n ':
SII•{l•00/ g117.6 ri', ,),, t,, none, 153 des.

fon stuttip, ,,,fra s0esoIo1 0 d nn 2d

lnuc .. 3,':3 0()0/ [gin,. lU6co , o rod none, 22 dos.



TABLE "CI01N T'D) I•TE SURVIVAL OF ESICHERICHIA COLI, AEROBACTER AND
--PARACOLOBACTRUM IN ThII BODY (AND BODY MATERIALS)

•Fntor( s) Survival j Reference

" Palmar surface, clean,, ino°. Recovored 1 after 10 min Arnold 19304,000
Skin, body tomp. dirty or Several hours
fatty.

Skin, palmar surface, clean, Recovered 0 after 10 min
hand, body temp.

Skit•, 37 C., inoc. 78,000 Recovered 0 after 10 mtn Bryan 1933
Wiping hand ,,ith tov.,el Grubb 1947
Survived longer on skin tnnn on .fllter paper Hellot 1948
33% inhibited on normal human skin Hill 1933
Palm of hand Entirely destroyed in Krueger 1942

10 min.
Skin, desiccation, high RoH- 8 hrs. Rebell 1950

99%. 96 F, 2 ks_
URINE

Exposed to open air, -8 F to; Mi0 asys Lu-Ti-Huan 1930

Stomach-absenco of free IfClj Coitforms found in ab. Lohr 1927
undance

SIsolated from frozen shrimp more frequently thAn any Holmes 1949
other coliform organism.

FECES
Aerobacter eroenzoes

Crude, dil '-L,/',oo00 Pot givon Atkinson 19311.
Sterile rnbbit hlood rum, . 3"9 vyr;.. Frobisher IC 47
Found by rnpny workers in •,rnnn ftmoo Gray 19'32
Fresh, RT. 16 Jordan 19?6
Pure cult, on --turn durin

zznIard d i Tnnninv 10,1

An.ro.bcter rogone,-
-5 inhl ii on hormal hutan skin Hill 1933

BLOOD tParacolohan trnm •onorofnns
Sterile rabbit blood susp 3".9 y r. Frobisher 1947



TABLE B? TUE SURVIVAL OF METAZOA AND"PROTOZOA IN THE BODY

(AND B3ODY MATERIALS)

Factt or(ll Survival Reference

BLOOD
, ~Anaplasmosls (Bartonella

. b ovi._•s )
Dried blood 43 des Dypstra 1948
Blood submitted to heating 0

and chilling over period
of 6 das.

Plaemodlum viax

to -70 C. 10-15 das Saunders 1947
Trvyonosoma _____

Bats kept at low temj15
10 C to 3 C. Do not develop Kalabuchov 193.
33 C. to 37 C. Develop in blood in

short time __

FECES
Entamoeba histolytica

Faces 37 C. 2-4 hrs. Gurevitch 1947
Feces, 25-30 C, 5-8 hrs.
Feces, 6-8 C. 8-10 hrs.
Infected fercs, 27-30C. 9 des.. Kuenen 19131.

37 C. 3 deas.
Infected renes, with lec Recov- 13 dead 1%,oomo

salt mixture, freezing, hre.

inoc. 50 cysts
Stool emulsion, R.T., all- 10 min. Spector 1934

owed to dry on fingers
Dried feces Instant death Wenyan 1917
Very dilute fcoi.A > 1 mo.
Feces with froe C?> ri No effect in several

w ster, .0,l0OO(: hrs.
0 .,q 16 nr. cult. 9 des. York 1926
16-20 C. 7 des.

o C, wased .cor-C. If 17 e
16-20 C., wearied & conc. '10 des.
suspensi on.

Human feces, cult. tube 14 des. Dobell 1936
R.T. 4 hra., and 14 C. for 2 des. Beaver 1949

14 hra.
Soil plus stool plus water b des.
R.T., I hr
140. 12 bra. 4 des.

28-34 C. 8 and 4 days.
'Feces 3 das. Rudolfe 1951

Entamoeba coat
Human feoes, 1-2C.9 cult- 4 1/2 mos. Dobell 1936
Ure cysts

Stool emulsion, R.T., all- More resistant than Spector 1934
owed to dry on fingers E. hietolytica

nto•noba m morcorcarum
* Monkey feces, naturally 4 1/2 yrs. Dobell 1936

infected



TABLE 7, (CONT,1D) THE SURVIVAL OF METAZOA AND
PROTOZOA IN THE BODY
(AND BODY MATERIALS)

j• Fý0c t or(.s) - {Survival Reference

FECES ((CONT '11)
Hookworm

Night soil, dil. with 99% kIJ.]ed, 2-3 wks, Cart 1q25
urine, summer temp.

Nlight soil dil. with 99% killed, 2-3 wks. Cort 1926
urtile, itimmer temp.

Human feces, direct sun- Letnal even in moist Faust 1924
I J. g lit tropalcs

Moist feces., lab, temp. 13 mos. Galli 1905
Woter, t"oist feces, larvac 7 mos. Leichtensternlb87
lecal rat'l in abanrbed 3 mos.

latrine in brickynrd
60 F., strong sunlight >2 hrs(larvae) Nicoll 1917
STrong sunlight under 1 hr.
glass

Necator americanus
SC. 2 hrsa Nicholls 1939

Ascaris lumbricoidos
Human feces on sAnd in 21 days Brown 1927

sun, ovaAHuman feces on sand in Reoov.o90.8%, 35 dasa
shade

Clay in sun 71 motile, 21 des.
4*Clax in shade 85% motile, 21 des

Loam in shade 89.3% motile, 21 dam.
Human feces, in shrde 'l2, -9?% motile, 4 wks. Caldwell 1928
Pig feces, in snade 99% motile, 4 wks.
Human feces, drying in i 3E-40 % disintegrated
sunlight, 130 F. > ' 1/2 hirs. • i

Pig feces, sunlight, 130F 5-30% disintegra~d in
)7 1/2 hrs.

Human and pig feoes, ly- Recov. 0, 2 wks._,
jfl qbmt_*

S-uman feces mulst with
constant temp. 40-50C. 38% ova disintegrated

in 14 das.
Pig feces, moist with 40% ova disintegrated
constant temp. 40-50 C. in 14 dase-

45 C. Coripost .3 mom. Nicholls 1939
4K -55 C. 3-5 min. Nolf 1932

Fecal susp~n of' eggs All degenerate in 27- .kdolfs 1951L,. 35 dls.
Trichuris trichuris

Human feces, 30 C, on Recovered 9, 29 des. Nell 1932
cover slip, tncub•itor,
moisturo, sat~d, Inor,
1000

-12 C°• 4 d•ns. incubpltion 6 d nS .
be6fore vxposure

'-9 C., 4 des incubv tion Rocovered 40%, 8 des.
Sand in shade, human '74% inotf.le, 35 des. Brown 1927
Eggs of T. trichiura, as ,vell ns NJ. smericanus, _. Mpcfie 1922

lumbrbicoides, TT srginn;c,- S. nncirnto7bum, pass
thru cockroar.I unkmrmedo



TABLE F?7 (CONT'D) THE SU1RVIVM,] OF METAZOA AND
PROTOZOA IN THE BODY
(AND BODY MATERIALS)

Factor(s) Survival Reference

URI NE
A. luTniricoides

Human urine No survival Yoshida 1920
Trichomonas vaginalis

"Urine, 20C.ý inoc. with Few, alive in 20 hra. Jirovec 1948
vaginal secretion _

GENERAL
T. vaginallsVjggnal discharge Recovo 2-4% in b hrs. Kessel 1950

Vagvial diichargo. T, ., >5 das. Kirby 1943
Paraffin sealed cover-
slips.

Pus, dry 3 hr.s. Swift. 1937
E. histoliytica

Cysts drying on human 5 min. Spector 1934
hand

Cysts pass through cockroach unharmed Macfle 1922
T. batrachorum

In Riana pipiens, ROT., 6 yrs & m1 sos. Wenrich 1949
distilled iator, and
gastric roucAn

T. wenyani
In Rate "rats.e RoT. ,ith 4 yrs.
wdistilled water and
gastric in.nin.In amphiurna, R.T.q i,ith 4 yrs.(T, pro,,azeki) ""

r gastric uin
T. augusts-In Rana pipiens, O. . yra.""

with water & gp.- f ir

T. hominis

iat
er and gqstr!i c, rar- u0, 111.

T. species

From Crotelus Ihorridus 2 yrs.
Trivitus parvg

From Triturus vilrJdeacens 4 yrs.
Monocercomonoides

From Lipulid lrvne 4 yrs. "

From Japanese beetle lnr- 4 yrs. "
Vae,

Trichinella spiralis
U.p., rat muscle, pork,
pork 5ausage, -35 C. 2 Hrs. B]air 1934

-1t.80o 53 hrs.Tr._. ~p.2.(inrvae )T Posrk -27C. 3b hrs. Gould 1949Pro-27C. 2tj. firs.
--13C. 10 hir.
-35 C. 40 min.

-37C. 
2 mill.3



TABLE TYE S~rRVIVAL 0OP I'0OLDS, YDASTS P, FUNGI IN TH.[- BODY (AND

-~ BODY MATERIALS)

4&Fors Slit, viVol Reference

SKIN
1Mb oudouilni

Hair );.('0 d Farlay 1921
Hair In well stopptored

bottles 125 d Robinson '.9418
Tricohophvtor intordirritale

Soraninr~s P Porn toe's M30dI.itoh&li 1'ý22

Coccidioý.des Immi~tis
S1~tu,101" 81177w1th erth Vugeat~t;.1.':e rom~, .30 d

Pr'~±Lcstage, 240 d Rosenthal 1950



TABLE 31 THE SURVIVAL OF MYCOBAPTERIUM
SPECIES 'IN THE BODW 'k:.

(AND BODX MATERIALS)

* Faotor(s) Survival Reference

BLOOD
M. tuberculosis,

Saline saln.-, Ii.T. 10 Wteeks Coulthard 1951
In arachis oll 10 weeks
In saline and arschis oil At leapt 26 weeks
Human whaoe blood 14 days Davies 1939
Hemoglobin inhibits the gr th of the tubercle
bacillus. Efrscts propor;ional to conc. of hemo-
globin. ,FEC ES'

M, tuberculosis
Feces, 9.T., dark, summer i day Abe 1949

fall 3 days
winter 9 daysFeces, 8 Ct. Still virulent,'3 112 me Ge~rtner ,i898

DUng, Virulent tubercle baec- Maddock 1933

llus remained after 178
days

Feces, No. of M.,. in fece proportional to those Nubssel 192
of sputums

Feces, cool, stored in
jars with loose lids,natural infected 12 sUos. 1930

Feces, cellar, dark, with
muslin t4 exclude insects
artiflically infected 2 years

LiqA4 manure 4 mos.
Liquid manure, winter, ar- 5 mos.

tifically infected
spring 2 mos.
"•'all 4 moa.
autumn 4 1/2 mog.

Cow feces , exposed on
pastureland, winter 5 mos.

spring 2 mos.
autumn 4 mos.
summer 2 mos.

Cow feces, protected from
sunlight, summer 4 mos.

autumn 6 mos.
M. pars tuberculosis

Infected feces, atmosph- 246 days Lovell 1944
eric conditions

PUS
M. tuberculosis

Pus, room temp., dark Viable 4 mos. Abe 1949
Pus, RT,, in half dark Viable 3 mos.

SKIN

M. tuberculosis
Human tubercle bacillus 7 years Heymans 1927

4# in reed capsule placed
under skin of cattle



TABLE •/ (cONTI)) TIT SUPITTvrPI, 010 !'YC(ORA CT',RTTTM
S I'~ Ii IN M'Tf. B( I)Y
(.•F J A, .)Y i nTEaI[ALS )

V"St or(s) Survivol Reference

SPUTUM
M. tuberoulosis

--Spu tur, RT , dark Viablo 4 mos, Abe 1949
Sputum, half dnrk V i blu 3 mos.
Sputum, 37 C, Persistence time 10 das. If

recovery titre 0
Sputwtvi, direct sunlight

surrinc r 50-80 min.
fall 60-11i0 min.
winter 90. -240 mrin

Sputum, diffuse light
s urme r 8 days"

fa011 7 days
winter 5 days

On window. of' room
spring 13 (rys " "

fall 18 days
summor 20 clays

Sputum, exposed to sun-
light, 12-.3.4 C, R.11.50%,

afternoon 9 mn, recovery 12) Albini 1940
noon 1-4 min.
diluted 1:2(5:00 P14.) 1 min., recovery 3
diluted 1:25 -------------

Sputum, exposed to sue-
light, 7-9C., H.H. 40%
afternoon 1 min.; recovery 3 At
diluted 1:2 4 min., recovery 4
diluted 1:25 ..........

Sputum, 43-35 C. ?,H, 40% ti------------H "

Sputum, (iried, surflc'e of Infective for g.p. 4- Arms 1912
.wooden tongue blade i6 m,,eeks

D...d -r -o.. , o - .... al'tor 3 yrs. Burns 1917
Mixed ,,itn dust and expo- Viab)o. ,ler1 inject, into Cpid,,rell 19L5

sed to sun.igint up to g.p. e'0,7?! nrs.
72 nrs.

Dropluts, 15--?0 C 30-40 days Chausse 1912
Droplets, 10-15 C. 5. days
Direct sunlight Fey., mins. to few hrs. Cornet
Diffuse sunlight Sever'vi days
Dried in layers not too Several mos. to 1 yr. "

thin.
Desiccated, 30-40 C. 9. 10 Iroso De Thomas 1886
Sputum 6 Mos Cornet 3.904
Dropla ts from speaking or 300-600 times increase Fluigge 1921
coughing, 45 C. in count

Loud speaking, droplets 30 mtný
45 C.

Drops from bronchial tree --------------------- I

Dried sputum Several months Harder 1913
Coughed on paper, stored )50% infect, in 2 des., Kenwood 1915

in bell jpr, dried 21. hr. none infect in 31 des.



TABLE _i(CONTI D) TTVIE SIRvTRrAr, ni, MYCOBACTERIUM
SPHCIES IN THE BODY

(AND BODY MATERIALS)

SFec torP(s) Survival Reference

SPUTUM ( C ONT I D)
M. tubercuipsis,

Droplets, 4-7 days Kiratein 1905
Desiccated Several mos. Koch 1882
Alternately dried and 12 days Malassez 1883
moistened

Sunlight Few minutes to 48 hra. Ma~er 1924
Ultrn-violet-lamp for 3 Required 25 min. to des-

min. ot distance 6f 5". troy all organisms
Thin layer, dried Still virulont, 30 min.. Migneco 1895
Direct sunlight None recovered,24-30 hres
Dried in sun 18 hrs.
Exposed to light and air

in June & July <45 days Ransom
Little or no air and dark 16 days
Dried 24 hrs., dark >1 day
Dried 24 hiss, dark, expos >35 days

ed to little air
Dried sputum 179 days Schill 1884
Desiccated Severnl months
Direct north roomlight,
45-7b F., R.H. 17-62% 4 hrs. to 5 days Smith 1942.01r--^ct north roumlight, 97 cLima ;Fto a 0os

darkness
45 F., R.H. 17-62% , dark 6 1/2 - 14 mos-.
70F., 83% R.H., cark, 142 days
cover slip

63 F., 7,1% R.H, daT1. r, 15 days
water susp'n.

72F., /9% R.H. dark 18 days
In India, direct sunlight 6-6 days Soparkar 1917
Dessicated in dark 309 days
Dire-t sunlight 6-8 hr-.
Decomposing sput., t•et 20-26 days

tube
Dried in thin smears 4 moa, Sormani 1886
Dried sputum 10 mos.
Fluid sputum 8-11 days Toma 1886
Dark, moist box in pari- Produce lesion in 170 des. Twichell 1905
ffined bottles Produce no lesion in 188

des.
Dark closet Lesion in 160 des, no

lesion in, 188 days. N "
Dark moist box, bottle euion in 157 dais., no
stoppered with cotton esion in 172 days.

Diffuse light, ordinary sion 124 days, no lea
room, paraffined bottle ion it 175 days If

In ice sion in 102 days, no
lesion in Iq days

Dark closet, bottles nosion Ir J.00 das, no
Sstoppered witti cottoa leslon in 141 days

Moist, light place in Lesion in 123 das, no
sand lesion in 148 days.



TABLE B?(CONTID) THE SURVIVAL OF MYCOBACTERIUM
SPECIES IN THE BODY
(AND BODY MATERIALS)

4Factor(s) Survival Reference

SPUTUM

M. tuberculosis
Out of doors, winter mos. Lesion in 110 des, no Ttiichell 1905
open bottles lesion in 132 des.

Handerchief Lesion in 70 des, no
lesion in 110 des

Woolun blanket Lesion in 70 des, no
lesion in 110 des.

Wood Lesion in 70 des, no
lesion In 110 des, It'

In thermostat Lesion in 33 des., no
lesion in 10 des.

Dry light place, sand Lesion 30 des., no les-
ion 70 des.

Carpet Lesion in 39 des, no
lesion in 70 des.

Direct sun Lesion in 1 hr* , no
lesion in 7 hrs.

Dried, R.T. Infective 70 days Twichell 1906
Dried on carpet Infective 39 days
20 C., dark 4 mos. Vidal 1934
2 C. 12 moe.
Dried Several w.eeks Villemin 1869

M. paratuberculosis
Electric light 74-100 days Soparkar 1917
Direct sunlight 10-12 hrs.
Diffuse light 30 days
Diffuse daylisflt 6-8 days

URINE
M. tuberculosis

Room\,temperature, dark; Viable 4 mos. Abe 1949
in half dark Viable 3 mos.

60 C. Recovered O in 1.5 bra. Nesta 1930
Refrigerator Recovered 0 in 30 days
Inject into poriloneum of Lose po!yer in 30-40 des.

-GENERAL
M. tuberculosis

Dried or broken up org- Still virulent at 43 & Cadeac 1i88
anic matter 35 des. respectively

Pieces of lung -1 to -8C. <one week
exterior w'indosill

Lung tissue inuc. and 167 days
buried

B~cilli remcin in phthisl• al cadvvors Vor several Calmette 1920
years

Distilled water, 37 C." 1 day Davies 1939
0.9% saline, 37 C. <4 days

4 Lung of rabbit, .60 meter -2 days Galtier 1887
und e rground

In bile Growth more rapid than Larson 1922
in 8oep



TAB3LE ip1, (,.uNTfD) THlE STUl'IVAL OF kYCOI3CTERIUII
m~hcT1~SIN THE BODY

(-ANTD BODY IIATdMAILS)

c to( P) Survival Reference

GilNRIIAL ( CoNT ID)
KM; b ti bru.10i I

I q' u in il rr1~ 0 do~s Pc tri 1
zinc box

Bui'Lod i ng 2/2yrs. Schottellus 1690
Inbe stinal con ton Es, (,ow,
no0t iTLPCot. aiubun 4. mro s Stillman 1938

s ýiriu mr ?moe.
Lung 3 yonrs Stone 1d91
Raibbit 1ullu. liver~, sploon
kidnrtey, 0 , stollilu;
ill vitro 5 days. V~idal 1934

Rabbit tissue, -' 0. 10-30 days
Lym-ph node emulsion in in-
ou.4At~r in sF'lt soln, 87 days ;Webb 1921

Lymph nodes coatod -i.th
collodion 7 days

Liver end( sp].uen contLed 3 i,,
'4,th collodion11 o. errbiWls
Rabbit lung 1 S pe bbtWls19141

"Vd~llo-ing exposure to
air

Dead buried f o.il s At lerst 1 yr. Schalk 192t,

Intostinal scropinga- inix- 1,'Llocovered in 163 (Ins. Lovoll '9144

door temp.
B C'. G.

Sploon of g.p. 53 days Gornz-~R.Pux 1950

Axillsry lyimph no('hs 175 dnyr-,



TABLE r/hTIp SURVIVAi, 10 iviICROCOCCUS

(AUD BODY MATERIALS)

Fac tor (s) I Survival Reference

BLOOD
Be-. P_.

Sterilo rabbit blood suspn( 24 strains viable 9 yrsa.Frobirher 1947
115 strains viable 19 VresFE CES ..... . .. .. ..

M. nyogenes vai. Sureus
Feces, sunyig't 1,ith neat Bactericidal eri'ect not Lenamann 1931

S _ _ _ _ marked
SKIN

M,. pyogenes var. aureus
Skin, 37 C.,inoc. 161,00 Recov. 34,000 in 15 min. Bryan 1933
Skin, left palm, expose

m.o. 8 min., inoc.25b68 Washed orr 1414 Burtenshaw 1938
Dead skin, expose 10 min. Washed off 1560
inoc. 2568

Skin, inframem,,'ary fold,
,down 80% recov. in 1 hr. Cornbleet 1932
-UP 20% recov. in 1 hr.

Skin, axilla , arm up; 32 % recov. in 30 min.
arm do,,n 61% re'ov. in 30 min.

Interdig. spnaes of toes,
together; 73% in J0 min.
apart 2476 % in 30 min.

Perianal fold, closed; 76% recov. in 30 min
open 213 % reeov. in 30 min

Palma, clasped; 53% rerov. in 30 min.
open 6 % recov. in J0 min.

Growth in s,.eeb of skin Alkaline areas slower
than acid in self' steri-
lizing action "

N~ail beds and arevs sur- Less efrective at steri-
rounding nail beds lizing than normal areasi "

Kerstotic ap•ns No roore effective at re-i
moving M,aureus than
normal are-s

Moist areas Depression of steriliz
ing power

Denuded epitheliumI Not as effective in re-
roving Staph. as intact
areas.,

Previous exposure to U.V. Does not enhance des-
tructivo po-,er against

St. eph.

Skin of persons with fur- Remain longer than in "f
unculosis skin of others

Psoriatic lesions, bpred Free themselves of Staph
of scales fsst'r thnn lesions with "

sc•ales.

Survived longer on skin t an on filter papera lulluI 1948
17.2% inhibited on normal skin Hill 1933



TABSZ l/. (CONTID) TEE SURVIVAL OF.MICROCOCCUS
SPECIES IN TIIE BODY
(AND 1ODY MATERIALS)

PFactor(s) Survival Reference

SKIN(CONT'D?
_pyogeesa. aureus

Washed bide, inoc. 900 Recov. 360 in 30 min. Norton 1932
Washed i"'e, inoc. 1,000 Recov. 25 in 20 min,
Wounds Recov. in lb of 82 wound Rountree 1947
Dirty or fatty skin Several hours Singer 1929

SP'UTUM
Spyoenes var. aureus
Inorea~ed survival time d ied sputum Bordoni 1891

GENERAL
M yogenes var. aureus

Body temp-_ Recovery 0 Arnold 1930
Pus,R.T. . 1/2-3 1/2 years. none Bormann 19)40

of pathogenicity lost
Exposed to long chain Lethal Burtenshaw 1945
fatty acids

Pus,.eUnlight & beat Bactercidal effect not Lehmann 1.931
-- •""marked

Boils, 11 strains,

pH 2.6 H viable at 24 hrs. Hall 1921PH 5.Q 3 viable at 24 hrs.

pH 10.0 10 viable at 24 hrs.
Boils, .11 stAVin1,

pH 2.6 10 viable, 7?:,days
pH 5.0 1 viable at 7 days
pH 8. 'e at 7 days
pH 10.0 i6 Viable at 7 days

Abscesses, 4 strains
pH 2.6 2 viable at 24 hrs.
PH 5.0 2 viable at 24 hrs.
pH 8.0 0 viable at 24 hrs.
pH 10.0 1 viable at 24 hrs.

Abscesses, 4 strains
pH 2.6. 2 viable at 7 days
pH 5.0 2 viable at 7 days
pH 8.0 0 viable at 7 days
pH 10.0 1 viable at 7 days.

4ýphal 'fluid snowed varlo as pH ranges
M. yyoE~enes var. album

Sputum, antrum nose, skin *,-oat, urine and uter- "
us sho•oed various pHI rangeL

BOOD
Gaffkya app.

Sterile rabbit blood susp. Yrs. Frobisher 1O!07
GENERAL i

Sarcina luten.
Swabbedin lage amounts n toniufe, n-salmucous
membrapes, crypts of tornsi.ls. Iripossibl- to
recover in very short tiPe* Bloomfield 1919



TABLE I 1THlE SURVIVAL FAE'4HISRX
SPECIES TE BODY
(AND BODY MATERIALS)

Siict~or(s) Survival Ref6ronce

BLOOD
N. gonorrhoaea

Sterile sorum sealed with lb mos. Unge-%nan 1911
lnyer of paraffin

Sterile seruri sealed with 7-8 weeks
layer of paraffin

N.- meninsitidi sN.elow 16C.t, soaked in 124 hrs. Downie 1940

sterile horse serum
Nasopharynx, body temp. Avg. 6 mos.(longest 608 Embleton 1919

das.; shortest 34 des)

Sterile rabbit blood 8us0 Neisserla--6 wks- mos.. Frobischer 1941
URINE

_.gonorrheat

Male with urethritia Charles 19.0
20-26C9 PH 5-8.5 Tw.o colonies survived Carpenter 1933

48 hrs.
Sediment 22C.,PH 5.0-8.5 6 cola. survived 36 hra
Sediment 4 C.,pH 5.0-8.5. 13 cols. survived 36 hrs
pH increments of from 5.0 Strains isolated--8,,23,
to 8.5 17t 19, 159 O, 2

Temperature --------- I Allison 1942
GENERAL

• N. gonorrheL~a--Urlthral secotion, -5 to I hr. some reduction Hamptman 1930

2 0., pH 7.4-7.b, gro,,n
on ascitic egar;
plus 12 C, pH 7.4 8 hrs. some reduction
plus 22 C, pH 7.4 12 hrs. some reduction

Urethra, body conditions •3 yrs Keyes 1911
Fresh pus, 22-23 C. Still viable ;?4 hrs. i Schofield 1927
Cases successfully treated No survival times Cohn 194b

& operated on.
_rSdmeneingitidisDrierd h~uman qenretionm Several days Jungleblut 1935



BLE THE SUIVAL OF PASTtIRELLA
SPECIES IN THE BODY

J(AND BODY MATERIALS )

• "actor(s) Surviva HeRference

BLOOD

1 2!B• 'allowed to putrefy 1U0 da40 Ostertag 1908
In test tube.•jfoi' eorhab. t o certneia

30iooc or MN Jaaotot 12
FECES

E. nd e - Reeov. 0 In 4-5 des Gartner 1898

,_,_,_ile feaces Still alive 2 vks,,k mos2. Gladln . 1898

S?13TUM T-" "

P. petl

Droplets - ----- W',_ , Taigue .1912
URINE

P etis

Spleen or i'nected S.p., Virulent 14 moo., sligh- Francis 1932
-15 C. tly vir. 2 yr.. 7 mom.,

deo4 3 yrs. 5 moo.
R.H. k37%9 temp.>4jO P. Restvicted to areas with Nonh 1951

tbhese Vactors
Corpses of C. gyjmaeug Viable 23rd day after Novikova 1934

death
Frozen cadavers in Vanch- Viable 3 moo. after Strong 1942
uria death

Cadavers with putrid spl- 4 days -

eon
Cadavers after burial 3-30 dos.
Glycerine in spleen, -'5c Viabl, 7 yra. :Frances I92

Zo. tulpenlsia
23-2b G., internal organs 3 das. Anon. 1947
Human v$ssue Viable M.O, obtained Foshay 1936

from human tissue 2-3
moo. after pt. recov.

Spleens glycerinated.-14C. 10-13 yrs. Bull 1947
Frozen animal cord 42 moo.
Frozen brain 36 mos.
Frozen spleen 18 moo.
Frozen rusole 12 moss.
Frozen bone marrow 6 MOB.

I"I



TABLE Tl THE SURVIVAL OF RI(KETTSXfAE IN THE BODY (AND BODY
MATERIALS)

SFactor(s) Survival Reference

BLOOD
R. conorli

Human blood, ice box 12 d 1932
R. rioketts.ii

Frozen brain, -700 95 d i1930
:Re tsutsuaurmushi

'Mice blood and tissues 610 d ox 1948

H. andersoni
.. Pec-e; .... 6 yrs.s_ hilip_ _ 196&8

TISSUES, GENERAL
Re riokettali

-70C, frozen brain 321 d King 1930
R. prowazeki

Brain, 5C 79 d Kacchiavello
1937

Tunica vaginalis, 5C 92 d " "

;LI



TABLE .THEI SUaVIVAL OF SAUn:Iý,,L.., CI.. IN TH3 UDDY (AND BODY

Factor (3) Survival "levercnce

13LOOD

Sterile rabbji2t blood u:L. .r..:Fr b9/7FECES i
S. cat er'iditis ,

-- •-l tool$ R. T., dn r,, 8 d. Do d 1 ...

Fluid stool, R.T. 8 d. ,,.
Fluid Stool, R. T.,I da rk i1 d. "19";
Dried , tool, dark, R. T. 53 d.

S.• or aty pohi",

Original feces 74 d. od1947
Dried feces 421 d. if
Fluid stool, dark, R.T. 18 d. ;Dold 1944
Stool dried on paper, R.T. >8 moss. it
Fluid stool, dark, R.T. 20 d. I t
Stool dried on paper, R.T. 75 mos, 16 d.

S. perstyphi B
Fluid stool, R.I., dark. 115 d. :Dold, 1944
Fluid stool, R.T. 115 dc, " 19513

S. schottmillleri
Fluid stool, R.T., dark 1 .d Dold X•44
Stool dried on paper, R.T. ,8 mos. " "
Tluid stool, dark 20 d. "

S. species
TNot found in feces of cockroaches A.!acfie 19022

Rat feces, R,T. 148 d. Welch 1941

S. typhimurium
Original feces 74 d. Dold 1947
Dried 421 d. d.

S. enteriditis
Palmar surf.., clean, R.T. Recov. 0, 10 rain. Arnold 1930
Dirty hbnde, Body temp. 5/ g onc, 30 mn n
A If t . . 1 V/ .. D 11 210 . i 0 , II II

Palm of hand Destro•,,c, in 10 min. Kruege 1094C
Dirty or fatty skin Scv,'rl hra. Singer 1929
?S. aratyphi

Dirty or fatty akin Several hri. "
8. typhimurium

Tu rkýy skin, frozen 13 1o1108. Browne 1949
TISSUE, GENERAL

SS. typhmurium
"Chicken tissue, 93-96 C. Inoc, 3.15 X 10/gm. Huaseman 1951

after broiling Rocov, ,18, in 42 Ain.
after roasting, Inoc. 9.36 X 0iO/gm.

Recov. 0.1i' in 140 mrin.



TABL___THE SURVIVAL OF SALMIONELLA ' 'IPIOSj• IN THE 1ODY (AID HODY-- MATERIALS )

Factor(s) Survival lie fer rcn e

Normal goat serum, dried Death rate loeari h..ii in
response to conc. of
slrviving organisms. Chic., 1912

Sterile rabbit blood suep. 7 ,'r o . Frobl 1.x 17
Sterile " , 1 etr. viable 18 yrs.
Blood & peritoneal fluid,

R.T. air excluded LVirulence preserved ýI10 y'r.Puntoni 1924
•cES

Freezing Several .:iinutes Beard 1940
Fluid stool, R.T., dark 4 d. Dol1 1944
Fluid Stool, dark 4 d. 1943
Stool dried on filter paper,

R.T. > >55 do 194 4
Stool, t'iin, watery, dark, RT. 3 d. " "

" dried on
filter paper, R.T. 137 d. "

Feces in a latrine '30 d. IGalv, ,-no 1900
Feces in a cask 25 d.
Feces in earth of latrine, : I

buried 10 d. -40 d. I
Feces in sand 15-20 d. "
Feces in loam :5-15 d.

* Feces in gravel 10-20 d.
After being 10 days in latribe the organisms were

no longer virulent.
8 C, Recov. 0 in 5 do Gartner

3 C. 3ecov. 0 in 10 d. . "
Tap water with stool Inoc. 100,000/cc water HorrockI 1911

Recov. 200/cc water in 2d!.
R.T; 52 do Jordan 1926
Feces in latrine, winter 5 mos. Levy 1 _

-8 ti -30 F., exposed to
open air 40-50 d. Lu-t--riLuan n I

Not found in feces of cockroach LIZ cft, 1112
12-17 C, Viabl'i after 4-12 d. Schiller 1 90
Liquid manure 4 d. "
Liquid manure, 13-22 0. 9 d.

" below 12 C. a d.
"I" abovei3 C. a d.

Peces & urine, 16-20 C, Vinale 7 d. ,
8 d:.y cult., below 12C. Vi.blc 7 D. U

10 day cult,, below 12 C. Viable 9 d. If
17 c'lv dult., below 12 C. "I 27 d.
15 d. culit., 12-22 C. Vic-ýble 0 d."

5 d. cult., below 12 C. 14 d.
"over 18 C. Vlable 8 d.

21 d. cult,, below 12 C. Viabla 13 d,
Liquid manure 12-17 C, " 4 d.

6 d. cult.
Liquid manure, 10 d. cult. " 4 d,

"13 do cult. 7 d,



TA BL _.)q THE SURVIVAL OF SALMONELLA TYPHOSA IN THE BODY (AND

BODY MATERIALS)

SFactor(s) Survival Reference

FECST, -•ONT.
Fresh fecec, 17-22 C. Viable 115 d. Uffelman 1889

weakly acid,
Fresh febaes, 17-22 C. neutril Viable 121 d.
Fresh feces & urine, -22 to

5 C., weakly alkaline Viable 36 d.
Old feces & urine, 17-22 C.

alkaline Viable i16 d. N

61d feces, 1C *alkaline Viable 116 d.
Fresh feces, weak acid " 44 d.
Feces & urine in moist gard n

soil, 23-0 C. 5j mos.
Fresh feces & urine, neutral,

10 C. or less. 66 d.
Fresh feces & urine, weakly

alkaline, 10 C. or less 21 d.
Human feces on:

dates 2 d. Vasquez 1924
vinegar 1 h.
mango 2 d. N

banana 2 d. N

apple 4 d_
SKIN L

Self sterilizing ability of 3kin against organism
due to drying rold 1919

PIlm o$hand •ntirely destroyed 10 min Krueger 1942
Washed hide Inoc. 550, Recov. 1, 30i

S:1i. aces !Norton 1i32
Dirty or fatty skin Several hours ISinger 1929

URINE
Soaked in urine, dark Inoc. 240,000, Surv. 10 d. Hewlett 1909
Soil & urine, dry, lab. Lemp. inbo. 12,000/m"'o,, coal1,

Recov. 330/gm. soil, 7 d* Horrocks 1911
Garden humus with urine, ex moo. 1,660/gm. soil

posed on veranda, no rain, Recov. 280/gm. soil, 10 e.
dry.
,Warm tepp. < 20-40 d. Lu 1933

-8 to -30 F., exposed to
open air :40-50 d. lu-ti-huan 1930

12-17 C. lViable after 4-12 d. "]Schiller 1890
Utine infected water from

well A few days. Vacek 1932
P 7% urine, dil. Ringers with ,

S"Teose .. .. 14 wks. Zeller 1948

Skin, clean 'Inoc. 4,000, Recov. 1, 10 min. Arnold 1S30
Body temp., dirty fatty skin, Several hrs. Arnold 1930
Palmer surf., clean, body t.' Recov. 0,10 min.
Human bilob ý160 d. Beckwith 1921
Beef bile /141 d. o
Oyster juice & stomach,

50-60 F., Ice broth cult. 30 d. Foote 1895



TABLE _ THE SURVIVAL OF SPIGELLA SPECIES IN THE BODY (AND BODY
MATERIALS)

Factor(s) Survival Reference

FS(IES
S. anbigua

Desert temp., in opon box
with f1ies 297 h. Stewl-rt

S. dylenterlne
R.T., 15-T1T-C. From 5 to 15 d. Cruickshankl942
Fluid stool, R.T., dorkI 5-1h (I,. i 1940
Ori!'inal feces 31 d. Dold 1947
!Th-ed fecos 113 d.
In artificially infected ,'c( ,,,ILj.tjrial, the
bacilli were detectable -1. d. when liquid
and 33 d. dried.

(Ruhr becillus), Fluid st ol 13.2 d. " 19i,4
"Dried stool 27.2 d.

"H " Fluid, R.T., d ark. 10 d. "
"H " Dried in riark. 1 mo. "

Fluid, dt4ir, R,T. 2R d.
Feces, 1.5-125 U. mixed

with earth I> 1.01 u. Iw'1'pil 1%2
Stool, cool, dried 1-2wks. Joo 1950
Fresh feces 5 di. RuKitIIa I.25
-R to -30 P., Exposed to

0°e - n"l - . 'UNp t 55 d. iLu-ti-1,uan 1530

Not fonnC in feces om' (ccc loech Mi vcfi0 1i22
Dese~rt tem)., out r-' sun. 11. dtewt:rt 1944
Hunan feces on ,inngo. 1 h. Vasquoz 1 211-

" I " bnnna |.. h." " •ppleI| h.
S. parsdysenteriae

40 C. (flexnori) 96 h. Barnard I.1.6
20 C. It" ) ý8 h. "1

30 0. " 21 h.
R.T. Dried out quickly in

feciil specimens Cruickshank 1940
Dried feces " ý2 d. Dold 1947

V Originel feces (PinrP-,s.) 97 d. .

Dried feces "270 (. "
Original feces (HissY) 3 d. "
t• feces 12 d. "

-.Original feces (flevneri) 31 d.
Dried feces 113 d. S
Desert aemp., out of sun 273 (1. Stwart 1%4
Direct sun, fill doy. 1 hir. 20 mT,. "
Human feues on Tnengo 5 hrs". asquez 1c24

If I f apple )i 8. "
S. sonnei

20 0. 72 h. Bnrnard 19%16
30 C. 6 h. "
37 C. 6 1. I

S 6 R.T. 6-1-1 d. Cruickshank 1940
Frces .1-111 d. Lowbury 1943

r



TABLE THE SURVIVAL OF SII flA SPECIES IN TThI BODY. (AND BODY
MATERIALS ')

Factor(s) Survival Rofcronco

URINE
. snteriae

p Warpm indoor, 40-50 d. Lu 1933
-8 to -30 F., Exposed to

open a5i. 5 d. Lu-ti-huan 1930
TISSUES, GENERAL

S. dysenteriae
Filtered huran gastric juice,

pH 4.5 Germicidal for Sonne-
Duval strain of

S. dysenteriae Felsen 1939



TABLE •/' THE SURVIVAL OF STREPTOCOCCUS SPECIES IN THE BODY (AN D
BODY MATERIALS)

Fact ors) Survival Referonco

BLOOD
S. fecalis

*,Sterile ra'bbit blood susp. 7-19 yrs. Frob.i: her 107• S. henolyticus
ST.T., liqu1id paraffin, 8 wks

arachis oil 4 wks. CoulthArd 1951
Refrig., liquid paraffin, 4 wks.

p arachis oil > 37 wks.
Saliva, R.H., 40-55% Mortality rates smaller

than enotunococcus. Dunklin 1948
Sterile rabbit blood susp AlivA I) yrs. (Beta) Frobi her 1'47

"It It 9 yrs. (Alpha) "
S. licqtefaniens 7-19 yrs. if

Sterile rabbit blood susp,
S. sipp" ai 5 7- yes.13

Horse serum), "5 C. Belm 1933
37 C. for 3 hrs., defibrin-Increased from 600 org.
ated. Sprayed from per unit to 50,000/unit
chamber. in 1-7 days. Ruchbinder 1941

SKIN
e exposed 2 min. Inoc. 1270, wash off 329 Burtenshaw 1938

" 54 min. " 1228, " 190
"I" 115 " " 339, " 3.1 "

Palm, exT~osed 2 min. " 1270, " 50.6 "
"54 min. 12-28, " .32 If

115 min,. " 339, " 96
Forearm " 2 min. " 1971, ti 157

" AJ " " 1228, " 78
"I "t 120 " " 339 it 78

Dead dkin . ,3 T'l ". 19"1 I 88"I " 65 rin. " -228 R 232 "

" 120 " " 339 " 14
.Left palm, exposed Ii. rin. 48 " .22 If

Right palm, 14 ,itn. " 48 0
Exposed to long chain

fatty acids. Lethal& Burtenshaw 1,945
S. henolyticus

Normal skin of hand, R.T. Recov. 30 million, 3 min. Colebrook 1930
From broth culture. 1'7 1 h.

"7,000 2 h.
Hands of normal person Group A isolated from

hands of 7 out of 181.
Non-homolytic on nearly
all of hands.

Skin of hands. 6% viable, 1 h. Kruegctr 1942
Washed hide Irnco 1400, Recov. 400

30 1111un Norton 1932
Surface, washed hide Inoc. 1,000, Recov. 75,

30 min. "
Wounds Alpha strep. found in 3

of 82 wounds.



TABLE 34' (CONT.) THE SURVIVAL Or '3T !.PTOCOCCUS Si-ECIES IN THE BODY
(Am1 BODY MATERIALS)

Factc..-(s) Survival Rf.E:feronce

SKIN (CONT.)
S.pneumoitlae
Exposod to long chain

fatty acids Lothal Burtenshaw 1945
S. viridans

Exposed to long chain
fatty acids. Lethnl

S PUTUM4

S. hernolytious (Beta)
Drled, 3- C. Viablo ",t 150 d. Germano 1897
Saliva In 2On'r no strep. demonA-

strahle. 80% same strep.
nn in throat culture. Hanburger 1_q._

TISSUE, G tERAL
S. hemolyticus (Rota)

Dried membrane, 37 C. Viable lifter 3 mos. Gcyrmano 18c,7
Nasal secretion Reuovorable after lbst

normal hand washing. Haburger 1946
Nose R- throat, sulfadiazine

1 gm/day. More micirked sensitivity
in nose than throat.

Survived longer on skin than on filter paper. 'Hellat 1948
Throat swabs, ice box, r ed. • yr. Jettri•a 1927

sA a .pp3...Animal excreta,61 F. I'loc, 1--3, Recov. .03 i

in 7 do !Savage 1917



TABLE _60 THE SURVIVAL OF VIBRIO SPLCIES IN THE BODY (AND BODY
MATERIALS)

* F• t or ( .) s'lirvival or, ýrce

BLOOD
V. Otton S

R.T., dry, glass smear,
fowl. 8 d. Skidmore 1932

Turkey hloon, 5 C., dried jl h. .
on rlass

Turkey blood, 37.5 C.,
dried on glass )17 h.

Beef bouillon, 37.5 C. in
test tubes Vinblo wks. .

F ECES
V. •c OIrla* TTes in contnct wi th mp t I.

rich in org-nnispis. Found .irLn foces Alossandri
Abs. humidity, 10-11 mg/cu

meter Long enough for infectiol Boy 19h8
30 C. Reeov. 0 in 10 d. Gartni,,r 1898
8 C. "* "t 5 d. "
Rice water stools, dark

cool weather 7-48 d. Greig 1.913
Rice water stools, dark

warm weather. 1-2 d. "
-8 to -30 F., Ex osed to

open air. ' -30 0. Lu-tI-buz, 1930
Feces 14) i. S0hillut' 1890

Liquid manure 13 d.
Fresh feces & urine, 17-22

C., weak acid Viable 24ý h. Uffelman 1889
9 C., weak ncid Viable 24 h.
Old feces, thin wit~h water.

17-22 C., weak nlk. Viable 96 h. "
9 C., weak Alkplinrw Viabl.e 2)1i h.
Fresh f eces P uirine,17-22h. Vi; blo 72 h.

9 '. or 1-1ss o: 2!h h.
Disrrheic feces &. urir,,
17-22 C. Visllo )I• h. "
9 C. or less Vible 1[8 h. "

Human feces on chico, cu-
cumbers, rapaya, lettuce Overnight Vasquez 1924

Human feces on cut cucnmb. >20 hrs .
"t "t " "papaya b r. h's. "

"I "t "t shrimp 22 h.s, "

"I " " oysters 1[6 hb.
"I "t " ins ide

open clam. 1. d.
"I " dntes 2 h'So"

"t " "f xvnegsr 1 h.
Tr ! rnrng, o d. It

"t " " qnana 2 d. "

V. comma
Urine, warm, Inloor. < 0-)ih d. Lu 19`3
-8o to -30 v., o, on fir 6-50 So Lu-ti-hnan 1930
Urine I., Schiller 1890



TABLE T111TP' SURVIVAu OF VIRUSES
IN •T ,'. ,.1 BO[ Y

(AuD ,ýUil MATERIALS)

Fa ctor(s Survival Reforence

BLOOD
Hoof & Motth virus I

-- 0c., thawed At R.T., 4 6-7 weeks Hender.on 1ý48
hrs. previous to test.

-10 to-:ý0 C., thawed when 5 3/4 rmos.
tested

G.p. lymph, pH Y.-, in 2 yrs and 20 dam, Sichert- 1930
phosphate buffer Modrow

Dried lymph 70 C., dried 2 i/? his.
in P;0t in vecuo

Dried lymph 12.2 C., dvied 3 min. it
,.7ith P20C in vacuo

Dried lympR of g.p., 52 C Still infectious 14 hr.
in P 05

Dried lymph of g.p., R.T. Still infectious 10 des "
Dried serum, R.T. Still infectious 5 des.
Dried plosma, R.T. Still infectious 7 des.
Dried preserved serum, R.Tj SLll infectious 4e dcs " "
Fresh g.p. lymph, 2-7 C., Retrined virulence 190 Stockman 1926
stored in rold room das.

U.V. radiation. fresh 10 rmin. Gunderson 1932
normal rabbit serum

Normal rmbbit serum 40 mm. MCKinley 1926
Mexican typhus

Blood PnH tissue, 5 C. 79 d(is. Macchlavello 1937
Yellow., Fever viruis

Blood dried i,'n vcuiun i•4 dns. I Sawtyer 1929
while frozen

Monkey blood ,ith liver, P wks. Sellards 1928
-10 C., in senle(l sterile
test tube

Ri 1"T. Vs-01•y Fever
Blood, reirigrrrtnr (C) days Smithbu-n 1949
Blood, ref'rigejrw ,or,(,tor- 2 yrL.
ed, rluid)

Serum., rerigerator i 1046 ds,"
FECES

Hoof & Mouth virus
Inoo, g.p, tissue & stor- 2-3 mos.. Andrews 1931
ed -200.

Moist, cool, 3.5-5.5 C., 283-3J45 Days Hull 1947
for 105 des., dried rap-
idly in vacuum, R.T.

Infectivw Jaundice
Dust borne, dried 31 des. Anderson 1947

Newcastle virus
D:ied cnicken feces, plH Olesiuk 1951
6.3 and b..i

Psittacosis
Exposed to HCOII, 0.2%, rInfetive up to 10 des Hull 1947R..T.



TABLE 1___(CONT'D) TIE SURVIVAL OF VIRUSES
1IN nITE BODY

(AND PODY MATERIALS)

S F"t,:,r(s) I Survival Reference
FECFES( CONTI'D)|

Polio virus
C -4 rfsos. )Kramer 1940

Stools y7-8 wks.. Horst7 ..
Feces of child Recov. 7 des, alter on. Kramer 1939

atet of illness
Stools, virus P'ound in stoiols, inactivsted bj in- KrumbJc"l 193.w
activated sludge and chlorination

Stools of convalescents i25 snd 123 des. after Lepine 19J3
!mild abortive polio

Feces of polio victims & Possibly a matter of hrs Maxcy 194.
carriers

Stool '•6% viable Paul 1941
Stool in transatlantic 16 des. Paul 1939

mail
Aqueous stool suspn., ice 1 2 1/2 mos. Paul 1940

box.
RQfrigerated 10 wks. Trask 1938
Stools of convalescents 25-123 des. after ab-

ortive cases
Refrigerated 75 days "_"

SKIN
Influenza virus

Human sknffinoc. 0.2cc 50% recov, in 10 min. Krueger 1942
virus suspn.

Suspended in chick allan- 45-50 min. Parker 1944
toic fluid, skin of hand

Vaccinia virus
Light reduced 1/2 Pustule up-to 6 hr. Herzberi 1933

SPUTUM
Virus sm.

__ _ _ Recovery positive.92das Arloing 1927
GENERAL

Hoof & Mouth virus
Inoc. g.p., 2 C. 2-3 ros. Andrews 1931
Beef, -20 C, buffered Sol. 4 mos. Henderson 1948
Tissues, liver, kidney, 2 24 nis.
rumren, 4 C.

Liver, rumon, lymph node, 5 3/4 oos.
-lOto -20 C., thawed
when tested

4 c. pH 5.6 das. it
-20 C., pH 6.8, thawed in
buffered sol'n. 11 des

120 C., ph 6.6, thawed in 4 ITmos, " "
buffered sol'n.

Muscles, near 0 1 w k Rubino 1929
Bone At leLst 40 das
Conecss, -200., pIT 6. 8 4 mos, Henderson 1948
t t•howed at R.T.

Kinderpest virus_.__L
Live rabbits & storage 7 daes. Haddow :94(



TABLE rNT 'D) THE SURVIVAL OF VIRt73
NW YlE BODY

(AND BODY MATERIALS)

eFactor() Sur'vivail , Refe~rence

GNERAL ( CONT )D
Polio virus

Brain tissuo, J7 C., in 20 but not 30 das. Flexner 1915
ascitic fluid kidney

Polio stored in animal tissue over long period of Ylexner 1917
time does not rotnin viability.

Nasal waabilgs of child Recov.. 5 das. astor on. Kramer 1939
set of illness

Nasophlaryngenl washing Recov. 9 dss. after on-
set of illness

Pharynx Reecov. 10% viable Paul 1941
Fresh prep. in amoobe •3 daas. Toomey 1948
proteus

Rabies
Rabbit brain, 5 C. >bli dps. Remlinger 1934
Brain in glycerin , in 41 dns Bprrat 1904
disintegrator

Brain susp'n in liquid 24 hWs.
air, dil. 1:10
pH2, 1 hr., Dresel 1934
Acids & allkiis harmful i pP"Portlon to cone,

Herpes virus
20% susp'n of rabbit brain 100 hrs. Book 1940

in buffered physiological
saline, 37 C.

Brain emulsion 40 min McKinley 1926
U. V. radiation, cornea <15 rnin. Gunderson 1932

Yellow Fever virus
Liver, -12 C. 1I mo. Smoyer 1929
Mouse brain, 8 C. Non-virulent, 160 das. Theiler 1930
Mouse brain plus ;O% gly- Infective arter G8 des.
cerin, stored at 2-4C. but not ofton 100 das.

Mouse brain in ,.,hole men- 6 rmos. Turner 1938
key serum, -70 C.

Influenza virus
Palmar skin Recov., in lb 'Min. Anon. 1943
Mouse brain susp'n in N
rabbit serum, -20to -30C. 68 moso Clitsky 1949

Mouse lung susp'n in 10%
"paO n broth, -78C 6 . i Turner 1938
Prozen rabbit testes, 3 yrs. T'urner 1.939-y8 C.

Newcastle Disease virus
Skin, eviscerated carcass, 96 das Asplin 1949

34 F., exp. infected
Bone marrow 134 d,
Unplucked c•rcasses,
skin; 160 des
bone marrow 196 (dRS n .

Sopx virus
D-T --dat~'ial from les. 2 yrs. Loeienthol 1906
ions


